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Abstract 
Chemical Substitution in the Undergraduate Chemistry Curriculum 
Bryan Brook 
Sally Solomon, Ph.D. 
 
 
 
 
A recommended method for source reduction of pollutants is chemical substitution, in 
which hazardous materials are substituted for less hazardous materials.  Here lab 
experiments and demonstrations were designed using household chemicals.  The 
advantages include easy accessibility to low cost materials and minimal waste in 
comparison to traditional experiments.  Students also showed more interest in performing 
experiments using familiar products.   
 
A Handbook of Household Chemicals was created.  Using chemicals in the Handbook, 
qualitative and quantitative experiments are described that only require simple 
equipment.  In addition, chemicals are identified in a quantitative analysis experiment 
with applications for upper level classes.  Experiments requiring the use of water 
condensers were modified using an ice cooled condenser.  The condenser, developed in 
our laboratory, is useful for distillation and reflux experiments where running water is not 
practical.  Finally, demonstrations were designed for an overhead projector to be used in 
large classrooms. 
 
The experiments and demos can be used in any secondary school, college or university. 
The laboratory exercises can also accompany long distance learning and Internet 
chemistry courses.  Several experiments using consumer products have been incorporated 
  xii
  
 
into the Pennsylvania Department of Education Science In Motion project.  The program 
provides a van equipped with instruments and chemicals to be taken to local schools.  
Overall, the experiments discussed here provide a safe and low-cost alternative to 
traditional experiments.  
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CHAPTER 1:  BACKGROUND 
 
1.1 INTRODUCTION 
 
 
Laboratory experiments and demonstrations using chemicals derived from readily 
available household products are described here.  Employing familiar materials has many 
advantages. It will be demonstrated that student interest and level of participation are 
enhanced.  The experiments are cost effective since the chemicals are inexpensive and the 
cost of waste disposal is reduced.  Safety problems associated with handling of chemicals 
are significantly lessened.  Chemicals collected from grocery stores, hardware stores and 
pharmacies are accessible to anyone without access to chemical suppliers.   
 
The experiments are intended for use throughout the chemistry curriculum.  One set of 
experiments were designed assuming only simple equipment was available, that is, 
nothing more elaborate than a hot plate or a kitchen balance.  Most of these experiments 
and demonstrations were written to accompany university general chemistry and can be 
easily adapted for non-science majors, secondary education or long distance learning 
programs.  Other experiments, requiring the use of equipment present in most colleges 
and universities, were intended for upper level analytical courses.  In addition, 
experiments have been designed for use in the Science In Motion (SIM) program.  SIM is 
a basic/higher education program, funded through the state of Pennsylvania Department 
of Education, that provides modern instrumentation for schools and support for teachers.   
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A SIM lab manual was prepared, in which half of the experiments use household 
chemicals (1).  Some of the experiments are described in Chapter 4.    
 
1.2 NEED FOR THE STUDY 
 
Using household chemicals can help eliminate problems associated with cost of 
materials, waste disposal and safety.   
1.2.1 Cost and accessibility of chemicals 
 
Experiments described here can provide cheaper and safer alternatives to traditional 
experiments where budgets for science education are limited.  For example, in the former 
Soviet Republic of Georgia, the annual state budget for education is roughly $7 million 
U.S. dollars (USD), for a population of over 5 million people ($1.6 USD per person).  In 
comparison, with a population of less than 2 million, the state of Delaware (United 
States) received a federal budget of $127 million USD for education ($60 USD per 
person).  
 
The lack of support for science programs in secondary schools was discussed in a report 
published by the World Bank, an organization dedicated to global education (2).  One 
proposed solution to the problem was the development of low-cost science kits (3).    The 
kits are used to supply chemicals, equipment and instructions for laboratory experiments 
can cost up $1,200 USD each.  However, many schools are considered fortunate to have 
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the financial means to purchase such equipment1.  Chemicals supplied in the kits are 
generally obtained from chemical manufacturers, however common chemicals from local 
stores are used when possible.    
 
In contrast, all materials used in the experiments discussed here were relatively 
inexpensive.  In Table 1.1, the cost of purchasing household chemicals is compared to 
chemicals material listed in Aldrich 2000 catalog.  Household chemicals are not only 
cheaper to purchase, but are also less expensive to dispose. 
 
                                                 
1 Personal communication with Dr. John Bradley, Chairman of the IUPAC Committee for Chemical 
Education Development.  
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Table 1.1: Cost comparison (USD) of some household liquids to Aldrich 
reagent grade chemicals 
 
 
 
Household Aldrich Chemical Name 
Cost  /  L 
Acetic acid (5%) $5.62 $13.00 
2-butanone $5.89 $21.25 
Glycerol $18.76 $19.75 
Hydrochloric Acid $0.66 $16.80 
Iodine $8.25 $13.60 
Methanol $1.32 $15.45 
2-propanol $0.93 $16.20 
Petroleum ether $3.15 $22.20 
Pinene $4.20 $92.25 
 
 
Table 1.2: Cost comparison (USD) of some household solids to Aldrich 
reagent grade chemicals 
 
 
 
Household Aldrich Chemical Name Cost  / kg 
Boric acid $14.30 $31.40 
Calcium sulfate   $4.95 $23.70 
Calcium carbonate $3.98 $82.20 
Cornstarch $3.29 $45.90 
Copper sulfate 
hexahydrate   $8.63        $65.60
Ethyl acetate $4.97 $17.45 
Fructose $10.50 $14.75 
Monosodium glutamate $28.04 $25.75 
Magnesium sulfate $3.18 $51.20 
Oxalic acid $14.56 $31.10 
Potassium acid tartrate $67.20 $51.30 
Sodium bicarbonate $2.13 $27.80 
Sodium bisulfite $4.61 $29.92 
Sodium borate $1.85 $29.40 
Sodium carbonate $1.99 $45.00 
Sodium chloride $1.06 $37.60 
Sodium hydroxide $7.96 $19.85 
Sucrose $1.44 $10.40 
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1.2.2 Safety and disposal of waste 
 
The use of household chemicals in academic laboratories is safer, helps to prevent 
pollution and thus reduces the cost of waste disposal.  The preferred method for 
preventing pollution, as established by the EPA, is to reduce the amount of waste that is 
generated, an approach known as source elimination or source reduction (4).  There are 
several ways that this can be accomplished in academic laboratories:  
1.  Chemical substitution 
2. Microscaling 
3. Alternative approaches 
In chemical substitution nonhazardous or less hazardous chemicals replace hazardous 
materials used in laboratory experiments.  The scaling down of amounts used in 
traditional experiments, or microscaling, has been made possible by design of specialized 
equipment such as microscale organic glassware kits.  When the objective of the 
experiment cannot be met with microscaling, amounts can be scaled down by as much as 
possible.  Waste can be reduced or even eliminated by use of computer simulations or 
video demonstration of experiments (5-10). 
 
Further approaches to reducing waste include recycling, reusing and treatment.  Solvents 
such as xylene, methanol, acetone, and toluene can be reused by distillation.  Treatment is 
regarded as efforts to make waste less hazardous.  Neutralization of acids and bases is the 
most common method of treatment.  Oxidation, separation, precipitation or ion exchange 
are other treatment methods that can be employed to minimize waste.   
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The main approach used in designing experiments in this work is chemical substitution.  
A Handbook of Household Chemicals analogous to the inorganic and organic tables in 
the CRC Handbook of Chemistry and Physics was created (Chapter 2).  Entries include 
chemicals that can be isolated or synthesized from household products.  Amounts of 
chemicals are minimized in all laboratory experiments designed here.  Traditional 
overhead projector demonstrations require very small amounts of chemicals; therefore 
substitution with household chemicals reduces the waste to a negligible amount (11).  
 
The use of household chemicals does not eliminate the need for safety concerns.  Unlike 
reagent chemicals there is limited information about hazards on labels of household 
products.  The information about their properties can be taken from references such as 
Material Safety Data Sheets (MSDS) or from CLIPs, a set of profiles, which provide 
similar information, but in a more accessible way.   
 
1.1.2.1 Safety 
 
Obtaining useful information from MSDSs to guide use of chemicals in academic 
laboratory classes can be difficult.  The sheets are geared toward the use of large amounts 
of chemicals in industrial settings.  Also, MSDSs are not always presented in a standard 
format.  For example, a property such as flammability may not always appear in the same 
section.  Profiles describing the hazards of chemicals, Chemical Laboratory Information 
Profiles or CLIPs, are much easier to read.  Jay Young, a chemical safety consultant out 
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of Silver Springs, MD, assembles the CLIPs sheets in a regular feature of the Journal of 
Chemical Education (12).  In CLIPs sheets, sections on exposure limits, hazardous 
characteristics, and typical systems of acute exposure are presented using a standard 
format, compared to many MSDSs where the information can be scattered throughout 
several pages of material.  CLIPS profiles for sodium hydroxide and acetone are shown 
in Figures 1.1 and 1.2.  Each is a single page with clearly located sections that describe 
hazards compared to the three or four pages in the Sigma-Aldrich sheet (13,14).  
 
 
 
  8   
 
 
Figure 1.1: CLIPs safety data sheet for sodium hydroxide 
  9   
 
 
Figure 1.2: CLIPs safety data sheet for acetone 
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Chemicals listed in the Handbook of Household Chemicals with available CLIPS are 
referenced.  Of the chemicals in the Handbook, only seven belong to the group of 
chemicals classified as “particularly hazardous”, including sodium hydroxide, cadmium 
sulfate2, cadmium3, acetone, hydrochloric acid, phosphoric acid, sulfuric acid and 
mercury (14). Of these, only hydrochloric acid, sodium hydroxide, phosphoric acid and 
acetone are actually used in any experiment or demonstration described here.  
 
1.2.2.2     Disposal 
 
Federal Code Regulations (FCR), by the Environmental Protection Agency  (EPA), 
defines hazardous waste in two regulatory classifications (40 CFR 261.1-3): (i) listed 
wastes, and (ii) characteristic wastes (15).  All chemicals listed under 40 CFR 
261.Appendix VIII require remediation.  Characteristic wastes according to 40 CFR 
261.20-24, are considered hazardous if: 
 
• Ignitable-Flammable 
A liquid with a flash point less than 140 0F (60 0 C) 
Solids that readily sustain combustion 
An ignitable compressed gas 
An oxidizer 
 
• Corrosive 
A liquid with a pH <2.5 or > or = 12.5 
A liquid and corrodes steel at a rate greater than 0.250 inches per year at 55 0C 
 
 
                                                 
2 Cadmium sulfate was obtained when this work began from Electrostart® Battery Additive, however the 
product was discontinued in 2000. 
3 Cadmium metal was isolated by electrolysis of the cadmium sulfate solution in the discontinued 
Electrostart® product. 
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• Reactive 
Normally unstable 
It reacts violently with water 
It forms potentially explosive mixtures with water 
It generates toxic gases, vapors or fumes when mixed with water 
Contains cyanide or sulfide wastes that generate toxic gases, vapors or fumes at pH 
conditions between 2.5 and 12.5 
It is capable of detonation or explosive decomposition if subjected to strong initiation 
or under STP 
It is classified as an explosive 
 
• Toxicity  
Extract of the waste containing certain metals, pesticides or selected organics above 
specified levels is considered toxic 
If it is otherwise capable of causing environmental or health damage if improperly 
disposed. 
 
 
 
The experiments described here have been designed to reduce problems with safety, cost 
and waste disposal.  They use the smallest possible amount of chemicals, reducing the 
amount of waste collected.  Chemicals such as acetone or ethyl salicylate are collected 
and reused.  Other experiments produce very little insoluble waste and can be collected 
separately and disposed using the educational institutions waste procedure.  Many of the 
other household chemicals are routinely disposed of in sinks, allowing for convenient 
cleanup after the lab.   
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1.3 LITERATURE REVIEW 
 
Several journals are devoted to chemical education and science education (16).  The 
Journal of Chemical Education (JCE) offers online search capability by author, title, or 
keyword with full text articles published after 1995.  In addition, the Chemlab database 
contains a compilation of every lab the journal has published and Demodeck includes all 
of the demonstrations (17).  CHEM13 News is a nine-issue/year peer reviewed 
publication that also offers ideas, articles and experiments published from the University 
of Waterloo (18).  Additional journals dedicated to science education include The 
Electronic Journal of Science Education, Journal of Research in Science Teaching, 
Science Education, Journal of College Science Teaching and the Journal of Science 
Teacher Education (16).  The American Chemical Society publication Chemical Health 
and Safety, focuses on issues and advances in OSHA and EPA regulations, safety in 
handling chemicals and hazardous waste disposal (19).   
 
1.3.1 Chemical substitution 
 
 
Published experiments that can be done with household chemicals and simple equipment 
are discussed below, classified according to the type of experiment. 
 
Quantitative Analysis 
The quantitative analysis of phosphorus in plant food was designed using only household 
products.  Precipitating magnesium ammonium phosphate hexahydrate from a solution 
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containing phosphate, ammonia and magnesium is the basis for the gravimetric analysis 
of phosphorous.   The time-consuming and often difficult ignition step was eliminated.  
Using simple glassware and a balance weighing to the nearest 0.1g, students were able to 
obtain the percent phosphorous in the product (20).   
 
Qualitative Analysis 
The qualitative analysis of eleven white solids used a variety of household products for 
determination of an unknown compound (21).  The compounds tested, as well as reagents 
used to identify them, were all readily available in most drugstores, supermarkets or 
variety stores.   
 
Organic Synthesis 
The preparation of ethyl salicylate from aspirin involves three-steps:  extraction, 
hydrolysis and esterification (22).   Aspirin, acetylsalicylic acid, is extracted from tablets 
using rubbing alcohol, then hydrolyzed to salicylic acid and finally esterified using 
ethanol and boric acid.  This experiment required little equipment (hot plates, glassware), 
and used readily available materials (1). 
 
Chromatography 
Water-soluble inks can be separated into colors using various solvents (vinegar, 
ammonia, alcohol) (23-25).    The setup requires a rectangular cut portion of coffee filter, 
taped to a pencil and suspended into a cup containing the solvent.  Separation occurs 
within 15 minutes and students can compare the effects of various solvents.  Student labs 
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have been designed for the analysis of food dyes using paper chromatography (26) and 
thin layer chromatography (27-30).  The various dyes used in candies have also been 
separated using paper chromatography (31,32).   A simple design for column 
chromatography using sodium bicarbonate as the solid support was used for the 
separation of plant pigments (33).  This technique could easily be adapted to dyes 
extracted from various food sources (34).   
 
Long Distance Learning 
Courses through the Internet are becoming more prevalent and accompanying 
experiments are being developed including qualitative analysis experiments, 
consumer trivia and computer based lab activities (7,8,35,36).  Trivia questions 
were prepared as part of the 1996 National Chemistry Week at the University 
College of the Fraser Valley.   Questions such as: identify an organic acid with a 
pKa of 4.76 at 25oC (acetic acid) and identify an aromatic compound with a molar 
mass of 147.01 g/mol and the following percent composition (by mass): carbon 
49.02%, hydrogen 2.74%, chlorine 48.23% (para-dichlorobenzene) (35).   
 
Pre-packaged chemistry kits, containing various chemicals and materials to perform at-
home experiments can be purchased from the Internet (37-39).  The University of 
Washington offers a course entitled “Chemistry for Life”, which includes home 
laboratory assignments.  The University provides the students with any necessary kits and 
glassware and all assignments are conducted via e-mail (40).  The analysis of phosphorus 
in plant food has been incorporated into a home-learning lab where a kit is provided by 
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the university with all necessary chemicals.  The dried product is then brought back to 
school for the final determination of mass (41).   
 
The experiments presented in Chapter 3 can be incorporated into a distance-learning 
curriculum, since chemicals and materials are all readily obtained from local sources and 
no specialized equipment is needed.   
 
Miscellaneous 
Several books and chemistry kits are available that provide materials for a more diverse 
audience (from middle school to college).  A  lab manual has been developed that 
provides a compilation of 26 experiments most of which use household products.  Setups 
range from simple distillation and coffee cup calorimeters, to instruments requiring 
spectrophotometers.  Some of the experiments also require reagents (eg. potassium 
dichromate) that are not readily available (42).   Princeton University sponsored a series 
of experiments involving consumer products (43).  However, some of the experiments 
require specialty stores as a source of chemicals, thus limiting access from those large 
cities where such stores are found (44).  The use of plant pigments as a pH indicator was 
described for experiments on acids and bases using household products (45). 
 
Bookstores, such as Barnes and Nobel, sell easy-to-do kits that feature some simple 
experiments using grocery store products.  One kit, Totally Gross Chemistry, features 
twenty-five activities including the production of slime, natural pH indicators, and 
chromatography of inks (46).  The Formula Book (47,48), contains several hundred 
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household recipes for alternatives to commercial products.  Items from home cleaning 
products, personal care to lawn and gardening are discussed.  Sae’s work, features 60 
activities using easily obtained materials, and chemicals (49).  Although these can be 
entertaining for introductory classes and demonstrations, relatively few are appropriate to 
adapt as experiments for the university chemistry curriculum.   
 
1.3.2 Chemical substitution using instruments 
 
Numerous experiments outlined in the following section are described.  The analysis are 
performed using household chemicals with analytical instrumentation. Continuing to 
develop experiments with household materials can maintain interest and motivation in 
these more advanced courses.  Some examples of experiments that have been adapted for 
laboratory experiments in a general and analytical curriculum are described below. 
 
Spectrometry 
Spectroscopy can be introduced using a piece of chalk in the cuvette of a spectrometer, 
such as the Spec-20 (50-52).  The light is reflected allowing students to see the 
relationship between color and wavelength.  Food coloring has been used with 
spectrometers to illustrate absorption (29,53,54) and Beer’s law (55).   An experiment in 
kinetics is discussed using food dye and bleach (56).  Students identify various 
parameters necessary to limit the reaction time and find concentrations necessary to 
perform the experiment.   
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Analytical Instrumentation 
Acid-base titrations are commonly used in all freshman chemistry labs.  The analysis of 
basic components in consumer products has been performed on antacid tablets (57) and 
Liquid Draino® (58).     The titration of household cleaning products has been used in 
determining EDTA in shampoo with a standard calcium solution (59).   Capillary 
electrophoresis has been used in the analysis of common cleaning products (60).  Mass 
spectrometry has been introduced into the curriculum through the analysis of caffeine and 
aspartame in beverages (61).  Food dyes have been separated using high performance 
liquid chromatography (62).  GC has been used to help increase college enrollment in 
Native American high school students by developing an analysis of regional foods 
including pine nuts, beans and corn (63).  Volatile fragrance and flavors of candies, 
chewing gums, perfumes and shampoos were identified using GC-MS (64,65).  GC-MS 
has been further used to study volatile organic compounds in polyethylene packaging 
(66), oxygenates (MTBE), benzene in gasoline (67) and arson accelerants (68). 
 
Devices 
The styrofoam cup calorimeter has been used to introduce students to the topic of heat 
measurements (69,70).    Gas chromatography has been introduced into the general 
chemistry sequence with a novel device built in Drexel University (71).  Smog has also 
been studied using a simple setup of Styrofoam cups, tissue paper, and a vacuum cleaner 
(72). Spectroscopic experiments using simple materials have been described using 
cardboard cutouts and plastic (73) or CD-ROM (74) as the diffraction grating. 
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1.3.3 Lecture Demonstrations 
 
Lecture demonstrations are performed to provide chemical concepts to a large audience 
(75,76).  The four volume series of experiments by Shakhashiri titled “Chemical 
Demonstrations” provides over 280 demonstrations (45,77-79).  A collection of 924 
selected demonstrations from The Journal of Chemical Education can be found in the two 
volumes titled “Tested Demonstration in Chemistry” (80).  JCE provided Demodeck, a 
database that compiled over 20 years of demonstrations to search from 1969 to 1992.  
Currently the journal offers the Chemistry Comes Alive Series, containing an additional 
1400 videoed demonstrations (10).  A manuscript assembled in our laboratory, titled 
“Selected Demonstrations”, provides demonstrations organized according to topics in 
general chemistry (81).   
 
Overhead projector demonstrations are a useful means to reduce cost and required materials 
through the “microscale” approach.  The dissertation thesis of Hur (82) contains 125 adapted 
demonstrations for use on an overhead projector.  The demonstrations were created with 
reference to chapters in most general chemistry book.  The instructor easily could find the 
subject related to the chemistry lecture and identify an appropriate demonstration.  The Journal 
of Chemical Education (JCE) provides a large source of available material with demonstrations 
both for large lecture and a section of demos adapted for overhead projector use.  There are 
about 100 overhead projector demos published in the Journal since the column originated in 
1987 (11).   
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The demonstrations described here add to the overhead projector series by providing material 
that can be used with readily available household chemicals.   
 
1.4  DESIGN OF THE STUDY 
 
Laboratory experiments were designed in four stages: 
 
1. Experiments are selected to teach concepts using accessible materials. 
2. Experimental methods are tested to make sure they give the desired result. 
3. A lab write-up is created. 
4. Experiments are class-tested and an evaluation is conducted.   
 
The first two steps will be discussed in greater detail in the following chapters.  A brief 
description of the evaluation technique follows.   
 
1.4.1 Evaluation methods 
 
The National Science Foundation (NSF) describes several types of evaluations to monitor 
the success, or failure, of an experiment (83).  A formative evaluation is used to assess 
the ongoing progress of a project.  The evaluation begins at the start of the project and 
monitors activity throughout its life, with the intent to provide information to improve the 
project.  A formative evaluation was used to improve the lab directions for experiments 
described here.  Summative evaluations measure the success of a project.  They are 
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conducted after a project has reached completion.  A summative evaluation answers the 
question, “Were all the goals met by the project?”  A summative evaluation is discussed 
in future work for a general chemistry course, in which all experiments use only 
household chemicals. 
 
A survey was also conducted to assess students’ attitudes toward seven experiments in a 
general lab course.  Of these, three used household chemicals only.  The others used 
traditional experiments.   
 
1.5 OVERVIEW  
 
This dissertation includes 6 chapters. 
 
Chapter one provides an introduction and motivation to the research project.     
Chapter two describes the Handbook of Household Chemicals, which provides a 
useful resource of commonly available chemicals and their sources.   
Chapter three describes design of experiments that require simple materials and 
equipment.  Two qualitative and one gravimetric experiments are discussed.  
Chapter four discusses experiments that require instruments for analysis.  The 
analysis of limonene in a spot and stain remover using GC and FTIR is described, 
along with organic experiments that require the ice-cooled condensers for reflux 
and distillation. 
Chapter five describes a series of overhead projector demonstrations. 
Chapter six discusses the continuation of experiments and future work. 
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 CHAPTER 2: HANDBOOK OF HOUSEHOLD CHEMICALS 
 
2.1 INTRODUCTION 
 
 
Chemicals available from sources such as grocery, pharmacies, and hardware stores were 
identified and collected.  Very specialized stores such as hobby shops and photo stores 
were avoided so that the materials could be located by as many individuals throughout 
the United States and around the world as possible.  The Handbook of Household 
Chemicals, modeled after the CRC Handbook of Chemistry and Physics, includes all of 
the collected chemicals with their formulas and molar mass.  Each table also includes 
chemicals that have been synthesized in this laboratory, with the limitation that only 
household chemicals and simple equipment were permitted in the synthesis.    
 
Tables of organic (Table 2.1) and inorganic (Table 2.2) household chemicals were 
created including some useful properties for designing experiments, such as melting 
points, solubility in water, density, as well as source.  Abbreviations and other 
information about the entries are given below.    
 
Name:  Reference materials such as the CRC utilize the IUPAC convention of naming 
while others use the generic common name (Merck Index).  Here, compounds are listed 
by the names most commonly used and cross-referenced, as needed.  For example, 
(C3H8O) is listed as isopropyl rubbing alcohol and cross-referenced with 2-propanol.   
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MP/BP (oC):  Melting points and boiling points are given for the compounds.  All boiling 
points in this handbook were recorded at 1 atm.   
 
Density (g/mL):  Most of the densities were obtained at 20 oC.  Other temperatures are 
also included where available.   
 
Solubility:  The solubility in water is given in grams of solute per 100 grams of water (at 
temperature other then 20 oC, subscripts denote temperature). If the numerical solubility 
was not available, qualitative solubilities were listed ranging from infinite (∞), very 
soluble (vs), soluble (s), slightly soluble (sl), to insoluble (i).  Solubilities in a variety of 
other solvents such as alcohols (alc), acetone (ace), and acids or alkalis (acid, alk) were 
included where available.    
 
Source:  The source of chemicals is the type of product in which the chemicals are found.  
The synthesized chemicals included in the tables, are labeled “synthesis”, and most are 
described in the next section. 
 
Cost:  Table 1.1 gives the cost for most of the household chemicals compared to the cost 
when purchased from a chemical company.  The prices compare unit quantity (kilogram 
or liter) of the household item to the reagent grade chemical as listed in the Aldrich 
Chemical 2000 catalog.  
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Formulas:  Molecular formulas are provided for each of the compounds.  Structures of 
some organic compounds are included in Appendix A.   
 
2.2 SYNTHESIS OF CHEMICALS 
 
The preparation of chemicals using ordinary materials is described.  Only simple 
equipment such as glassware and hot plates is required to prepare each chemical.  The 
isolation of many of the new chemicals was accomplished by evaporation of solvent.  
Some of the solids prepared are insoluble or only slightly soluble in 91% isopropyl 
alcohol, which can be used to wash the solids, in order to speed up the drying process.  
Compounds with a melting point less then 400 0C were determined using a MelTemp 
apparatus.  Procedures for synthesizing compounds are provided in the following 
sections.   
 
2.2.1 Preparation of Sodium Acetate 
 
Industrially, sodium acetate is prepared by reacting acetic acid with sodium hydroxide, 
followed by solvent evaporation to form white crystals of sodium acetate trihydrate.  The 
isolated product is further heated to form anhydrous sodium acetate (84).   
 
The laboratory preparation of sodium acetate is similar to the industrial method by 
mixing solid sodium hydroxide (lye) and acetic acid (household vinegar).  Although a 
solution of sodium hydroxide could be used, it is best to add the solid to vinegar.  This 
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reduces the amount of heating required to remove the excess water.  For best results, 
vinegar should be used in slight excess to prevent solid NaOH from crystallizing with the 
sodium acetate.   
   
CH3COOH(aq) + NaOH (s) Æ CH3COONa (aq)  
 
In a 250 mL beaker, 1.90 g solid sodium hydroxide (0.048 mol) was added to 70 mL 5% 
acetic acid.  This provides 0.058 mol acetic acid.   The mixture was stirred and gently 
heated for 30 minutes or until the water evaporated.  The solid product was washed using 
91% isopropyl rubbing alcohol and the product was collected using gravity filtration.  
The crude product was air dried and weighed (93% yield, MP=55-58 ˚C, literature MP = 
58 0C).   
 
Solutions of sodium acetate are used for demonstrations of pH and buffer capacity 
.   
2.2.2 Preparation of Ammonium Chloride 
 
Ammonium chloride (sal ammoniac) is obtained as a byproduct in the industrial 
preparation of sodium carbonate.  A saturated solution of sodium chloride is passed down 
a 75 ft. tower, where ammonia gas is being pumped from the bottom.  The combination 
of CO2, NH3 and NaCl leads to the formation of sodium bicarbonate and ammonium 
chloride.  Chillers are used to collect the sodium bicarbonate, while the filtrate collected 
in the bottom of the tower contains ammonium chloride (85).   
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Here, the laboratory preparation of ammonium chloride is done using household 
ammonia and hydrochloric acid (muriatic acid).  Three concentrations of muriatic acid 
are available, 31.45% and 28% and 20% roughly 10 and 8 and 6 molar, respectively.  For 
this experiment, 28% (10 M) muriatic acid was used.  Household ammonia contains 3% 
NH3 (aq) (pH of 11.5) is about 1 M.   
                                                                                            ∆ 
NH3  (aq) + HCl (aq)  Æ NH4Cl (aq) Æ NH4Cl (s) 
 
In a 250 mL beaker, 10 mL of 10 M HCl was added to 100 mL of household ammonia 
(equimolar).  The mixture was heated for 30 minutes or until the water evaporated.  The 
solid product was rinsed using 91% isopropyl alcohol and then filtered by gravity.  The 
product was air dried and weighed (86% yield).  Ammonium chloride sublimes above 
340 ˚C and breaks down into NH3 and HCl (g).   A MelTemp apparatus was used to 
observe the sublimation of the isolated crystals in comparison to reagent grade NH4Cl.   
Both samples sublimed at 340 ˚C.   
 
A 3% solution of ammonium chloride is acidic with a pH of 5.1.  One use of ammonium 
chloride is for pH demonstrations as described in Chapter 5.         
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2.2.3 Preparation of Magnesium Hydroxide 
 
Magnesium hydroxide is obtained from the natural mineral, brucite. It occurs naturally 
from the hydration of magnesium oxide (86).    Seawater is also a source of magnesium 
ions.  Approximately 1 ton of magnesium hydroxide is obtained from 600 tons of 
seawater.   
 
The reaction of magnesium sulfate (Epsom salt) with sodium hydroxide (lye) produces a 
white precipitate, magnesium hydroxide.   
 
2NaOH (aq) + MgSO4 (aq)  Æ Mg(OH)2 (s) + Na2SO4 (aq) 
 
In a 250 mL beaker 6 g of magnesium sulfate heptahydrate (0.24 mol) was added to 100 
mL of 0.5 M NaOH.  The solution was heated on a hot plate at a low setting (40 ˚C) for 
20 minutes until the magnesium sulfate dissolved.  Crystallization of the product begins 
as the solution cools.  The beaker is placed in an ice bath for 5 minutes until 
crystallization is complete.  The Mg(OH)2 is collected by gravity filtration.  The 
precipitate is air-dried.  The yield is 1.3 g or 92%.  The product decomposes above      
250 ˚C. 
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2.2.4 Preparation of iron chlorides 
 
Industrially, iron (III) chloride is produced by reaction of dry chlorine gas in the presence 
of iron.  Iron (II) chloride is produced in the reaction of excess iron with aqueous 
hydrochloric acid.   
 
A laboratory method to prepare iron chlorides is performed using soapless steel wool and 
hydrochloric acid (muriatic acid).  Iron (II) chloride or iron (III) chloride can be prepared 
by varying the amount of reagents.  In the presence of excess HCl, iron (III) chloride is 
produced.   The iron (III) chloride is isolated using acetone, which dissolves FeCl3 but 
not FeCl2.  With excess iron, the chief product is iron (II) chloride.   
 
 
2Fe (s)+ 6HCl (aq)  Æ  2FeCl3 + 3H2 (g) 
xs Fe + HCl Æ FeCl2 + H2 (g) 
 
Iron (III) chloride is prepared by adding 0.5 g of steel wool to 20 mL of 6M HCl in a 250 
mL beaker. The solution is heated on a hot plate for 30 minutes to remove the excess HCl 
and water.  Acetone is added to the orange oily slurry to dissolve the soluble iron (III) 
chloride.  The acetone is decanted and again evaporated leaving orange crystalline iron 
(III) chloride hexahydrate.  The product was obtained with a 47% yield, and decomposed 
at 35 – 38 ˚C; literature=decomposes at 37 ˚C)  
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Iron (II) chloride is prepared using 1.5 g of steel wool in 20 mL 6M HCl, a pale green 
solution of iron (II) chloride is produced.  The solution is evaporated and crystals 
collected.  A 65% yield was obtained; the product decomposed around 110 0C (literature: 
decomposes at 120 ˚C) 
 
The orange iron (III) chloride can be used as a source for soluble iron (III) which forms a 
red complex with sodium salicylate or brownish / black complex with tannic acid.    
 
2.2.5 Isolation of Acetaminophen 
 
Tylenol capsules contain 500 mg of acetaminophen with a gelcap coating.  Water can be 
used to swell the gelcap however; it is difficult to separate the acetaminophen from the 
capsule.  Careful crushing loosens the gel coating, exposing the white solid 
acetaminophen.  No significant filler was identified, however cold water can be used to 
separate any soluble components. The melting point was determined to be 166-170 ˚C, 
literature MP=169 ˚C). 
 
2.2.6 Extraction of Chlorophyll 
 
Green leafy vegetables provide an excellent source for chlorophyll.  Extraction is easily 
performed using water or isopropyl rubbing alcohol.   
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In a 500 mL beaker, approximately 200 g of spinach leaves are added to 200 mL of 
isopropanol and heated for 20 minutes.  The solution is decanted, and ready for use.   
 
One use for chlorophyll is in overhead projector demos of spectroscopy where the intense 
Soret absorption at  420 nm is readily observed.  Also, red fluorescence can be easily 
seen using a test tube and a flashlight.    
 
2.2.7 Synthesis of Salicylic and Tannic Acid 
 
 
Preparation of salicylic acid by acid hydrolysis of acetylsalicylic acid found in aspirin has 
been described (22).  Aspirin tablets contain 325 mg of acetylsalicylic acid (ASA) and 50 
mg of filler material (starch and cellulose).  Concentrated isopropyl alcohol (91%) is used 
to extract the ASA from the insoluble binders.   
 
Approximately 50 g of aspirin tablets and 50 mL of 91% isopropyl alcohol are placed 
into a 250 mL Erlenmeyer flask (tablets can be crushed).  The mixture is heated and 
occasionally stirred for 20 minutes on a low setting (below boiling point of alcohol) until 
all of the tablets dissolve.  Into a 500 mL container the mixture is filter by gravity using 
either a basket type coffee filter or laboratory filter paper.  Cold tap water (250 mL) is 
added to the alcohol filtrate.  The ASA immediately begins to crystallize. The flask is 
cooled in an ice bath for five minutes until crystallization is completed.  The ASA is 
collected by gravity filtration and allowed to dry overnight.  The yield should be about 12 
grams or 75%. In a 250 mL flask, 10-12 g of the ASA product is added to 100 mL of 
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muriatic acid.  The hydrolysis requires about 30 minutes of gentle heating using the 
lowest setting of a hot plate, which provides enough heat to maintain a temperature of 
about 50-60˚C (well below boiling). The reacting vessel is swirled periodically to mix the 
reactants, solid ASA and muriatic acid (the solid ASA will not dissolve at these 
temperatures).  When the hydrolysis nears completion, the vinegary odor of acetic acid 
develops, the consistency of the reaction mixture changes in such a way that the reaction 
mixture appears to “thicken.”    The mixture is heated an additional 10 minutes, then 
removed from the hot plate and allowed to cool.  When the mixture is near room 
temperature 100 mL of cold water is added. The product is filtered by gravity, then the 
white solid SA is washed several times with 5-10 mL cold water to remove the acetic 
acid. Typical yields are around 80% (giving about 7.5 to 8 g SA from 10 g of ASA.).  A 
melting point of SA was obtained (155-158 ˚C) using a MelTemp apparatus, which 
closely agrees with the literature (157-159 ˚C). 
 
Tannic acid from tea or acorns can be extracted using 91% isopropyl alcohol.  Four bags 
of tea are heated to 60 ˚C in 100 mL alcohol.  The solution is evaporated to 10-20 mL 
leaving a tan solution.  
 
Salicylic acid and tannic acid are useful as an invisible ink developer in demonstrations.  
Sodium salicylate prepared from aspirin or tannic acid obtained from tea leaves produce a 
red and black complex with soluble Fe+3.   A cotton swab is dipped into a solution of 
sodium salicylate or tannic acid.  An image is ‘drawn’ onto paper and allowed to dry.  
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The paper is sprayed with a light mist of iron (III) chloride to produce the image in red or 
black.  
       
Table 2.1: List of organic household chemicals 
 
 
 
Compound Mol. Form.   Molar Mass     MP 
oC BP oC Densityg/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Acetone (13) 
2-propanone 
C3H6O 
58.08 -94.8  56.05 0.784 25 ∞ s alc, oils clear liquid 
solvent; nail  
polish remover 
Acetic acid 
Ethanoic acid 
C2H4O2 
60.05  16.7 108 1.04 ∞ s alc clear liquid vinegar 
Acetylsalicylic 
acid   
C9H8O4 
180.18 135   140 1.4 0.33 25, 1 37 5mL alc wh powd aspirin 
Acetaminophe
n 
C8H9NO2 
151.16 169  1.29 0.1-0.5  s alc wh powd 
analgesic,  
Tylenol® 
Alkanes  (87) 
(Cn < C7) 
CnH2n+2, Cn<7 
87-114 <-73 60-75 0.6-0.75 i s alc clear liquid VM&P Naptha 
Alkanes 
(Cn C8 to C10) 
CnH2n+2, Cn<8 to 10
114-142 
-56 to  
-27 
126-
174 
0.76-
0.81 i s alc clear liquid regular lamp oil 
Alkanes 
(Cn > C12) 
CnH2n+2,Cn>12 
170+ -20 
187-
270  0.82 15 
i 
 s alc clear liquid 
ultra pure  
lamp oil 
Allura Red 
FD&C Red 40 
C18H14N2Na2O8S2 
496.43         22.5 red powd food dye
Amyl acetate C7H14O2 130.19 -70      149 0.87 s clear liquid
Acetone free 
nail polish 
remover 
Ascorbic acid C8H6O6 176.13 191 dec   1.65 33 30 mL alc yel powd 
vitamin C  
tablets 
Brilliant Blue 
FD&C Blue No. 1 
C37H34N2Na2O9S3 
792.86       s s alc
Red-violet 
powd food dye 
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Compound Mol. Form.   Molar Mass     
MP 
oC BP 
oC Densityg/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Butane C4H10 58.12 -138       -.45 0.60 0.006 gas lighters
Caffeine    C6H10N4O2 238 
178 
sub 1.23 18 2.1
66 mL alc 50 
mL ace wh powd 
tea extract,  
No Doz ® 
Chlorophyll C55H72MgN4O5 (A) C55H70MgN4O6 (B) 
117-120 mp A 
86-92 mp B   ∞ s alc, ace green solid 
spinach leaves 
Citric acid C6H8O7 192.13 153      1.665 54 wh powd
vitamin  
supplement 
Cornstarch (C6H10O5)n        1.5 i 25 wh powd starch
DPM glycol 
ether 
C7H16O3 
148.20 -83     190 0.951 ∞ clear liquid 
kerosene 
additive 
Erythrosine 
FD&C Red 3 
C20H6I4Na2O5 
879.86    s  brn powd food dye 
Ethanol C2H6O 46.07 -114    78.2 0.789 ∞ s ace clear liquid 
grain, ethyl  
rubbing alcohol
Ethyl acetate C4H8O2 88.11 -84 77 0.9 10 s ace clear liquid 
nail polish 
remover  
Ethyl vanillin C9H10O3 166.18 77-78   sl 2 ml alc clear solid 
imitation 
vanillin 
Ethylene 
glycol 
C2H6O2 
62.07 -13      197 1.11 ∞ clear liquid antifreeze
Table 2.1: Continued 
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Compound Mol. Form.   Molar Mass     
MP 
oC BP 
oC Densityg/cm320 
Solubility 
g/100g H20 
Solubi
1 g/solv
Ethyl salicylate C9H10O3 166.18 1 231 1.13 sl s alc 
Fructose 
Levulose 
C6H12O6 
180.16 103  1.66 vs 15 mL a
Glucose 
Dextrose 
C6H12O6 
180.16 83  1.54 91 120 mL 
Glutamic acid 
hydrochloride 
C5H9NO4. HCl 
183.59 160 
200 
subl 1.5 4.9 i alc, ace
Glycerol (88) C3H8O3 92.09 17.8   290 1.26 ∞ s  alc 
Isopropyl 
alcohol 
C3H8O 
60.095 -88.5   82.4 0.785 ∞ s ace 
Limonene C10H16 136.24      175 0.84 i
Methanol CH3OH 32.04 -97.6    64.6 0.7914 ∞ s alc, oil
Methyl ethyl 
ketone 
C4H8O 
72.10 -86.3 79.6 0.805 25.6 s alc  
Methyl 
salicylate 
C8H8O3 
152.15 -8.6 
220-
224 1.18 sl s alc 
Naphthalene C10H8 128.17 80.2 217.9  1.025 i sl alc 
Table 2.1: Continued 
      
lity 
ent Appearance Source 
clear liquid synthesis 
lc white cry sweetener 
alc white cry sweetener 
 white solid synthesis 
clear liquid Glycerin / Twin Labs Fuel® 
clear liquid rubbing alcohol 
clear liquid citrus peels (89) stain removers 
s clear liquid HEET, Dry-Gas auto additive 
clear liquid MEK solvent 
clear liquid synthesis 
white cry moth balls 
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Compound Mol. Form.   Molar Mass     
MP 
oC BP 
oC Densityg/cm320 
Solubility 
g/100g H20 
Solub
1 g/so
Oxalic acid 
dihydrate 
C2H2O4. 2H2O 
126.07 101.5 
150 
subl 1.65 18 14.3, 50100  
Paraffin CnH2n+2, Cn~25 ~352 53 >300 0.9 i   
Para-dichloro-
benzene 
C6H4Cl2 
147 57.2   1.25 55  i s alc, a
Para-amino-
benzoic acid 
C7H7NO2 
137.14 188.5   434 1.374
.5925, 
1.11100 
8 mL a
Pinene (90) C10H16 134.16 -64 155  0.874 i  
Polyethylene -(CH2-CH2)n- 1500-100000 
85-
110     0.92 i
Polyvinyl 
alcohol -(CH2-CH(OH))n-    s i petro
Polystyrene -(CH(C6H5)-CH2)n-       1.04 i vary
Propane C3H8 44.09 -187     -42 i
Salicylic acid C7H6O3 138.12 158     211 1.443 0.46, 6.67100
Stearic acid C18H36O2 284.48 69 
350 
dec  0.941 i sl alc 
Table 2.1: Continued 
      
ility 
lvent Appearance Source 
white cry wood bleach 
solid wax candles  
ce wh cry Para mothballs 
lc tan powd PABA vitamin supplement 
clear liquid gum spirits of turpentine 
  Plastic wrap
leum wh liquid Elmers glue 
 clear solid styrofoam cups, packing peanuts 
  Gas camping stoves
 wh cry wart remover synthesis 
 soap 
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Compound Mol. Form.   Molar Mass     
MP 
oC BP 
oC Densityg/cm320 
Solubility 
g/100g H20 
Solu
1 g/s
Sucrose (91) C12H22O11 342.30 185   dec 1.58 200, 500100  
Sunset Yellow 
FD&C Yellow No. 6 
C16H10N2Na2O7S2 
452.38      s sl alc
Tannic acid varies 210    285  
Tartaric acid C4H6O6 150.09 147     1.66 sl
Tartrazine  
FD&C Yellow No. 5 
C16H9N4Na3O9S2 
534.37      s
Toluene C7H8 92.14 -95 110.6 0.86 i m ace
Urea CN2H4O 60.06 132  dec 1.32 18 100  
Vanillin C8H8O3 152.15 80-81 285 1.056 100 vs alc
Xylene C8H10 106.17  
136-
140 
 0.86 i m ace
Table 2.1: Continued 
 
 
 
      
     
     
     
    
bility 
olvent Appearance Source 
wh cry table sugar 
Orange-red 
cry food dye 
tan powd extracted dark tea leaves 
  wh powd synthesis
Orange-yel 
powd food dye 
, alc clear liquid solvent 
wh cry fertilizer  
 wh cry vanilla bean 
, alc clear liquid GoofOff, stain 
remover 
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Table 2.2: List of inorganic household chemicals 
Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Aluminum Al 26.982 660 2519 2.7 i s acid, alk silver  aluminum foil 
Aluminum 
sulfate 
Al2(SO4)3 
342.154 1040        dec 1.6 38.5 25 wh cry fertilizer
Ammonium 
carbonate 
(NH4)2CO3 
96.08 
58 
dec     100  wh cry smelling salts 
Ammonium 
chloride 
NH4Cl 
53.49 
340-
341      1.527 39.5 wh powd
sal ammoniac, 
synthesis  
Ammonia (aq) NH4OH 35.04      0.90 ∞  clear liquid ammonia cleaner 
Ammonium 
nitrate 
NH4NO3 
80.04 
210 
dec  1.72 213 sl alc wh cry 
Icepacks  
fertilizer 
Ammonium 
oxalate 
(NH4)2C2O4 
124.1 
225-
229    1.5 5 sl alc wh powd synthesis 
Boric acid H3BO3  61.83  
171      1.5 5.5520, 25100 wh powd
antifungal, roach 
killer 
Cadmium Cd 112.41 321 767 8.69  i  blk metal 
electrolysis of  
battery additive 
Cadmium 
carbonate 
CdCO3 
172.41 357   4.26 i   wh powd synthesis  
Cadmium 
oxalate 
CdC2O4 
200.43      3.32 i   wh powd synthesis 
Cadmium sulfate CdSO4 208.475 1000   4.69 i alc wh powd 
Electrostart 
battery additive 
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Table 2.2: Continued  
 
Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density 
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Calcium 
carbonate 
CaCO3 
100.09 825      2.711 0.001 wh powd
chalk or antacid 
tablets 
Calcium 
sulfate 
CaSO4 
136.14 1460   2.96 0.2  wh powd plaster of paris 
Calcium 
chloride 
CaCl2 
110.98 775    1935.5 2.152 25 81.3 25  wh powd ice melter 
Calcium oxide CaO 56.08 2570      2850 3.3 3.3 wh powd
garden supply, 
quicklime 
Carbon 
(graphite) 
C 
12.011     2.2 i  blk solid carbon filters 
Carbon dioxide CO2 63.546 
-56.5 
5 atm 
0.72 25 sl    gas 
dry ice 
synthesis 
Chlorine  Cl2 70.90 -101 -34 2.89 sl    gas 
synthesis, 
electrolysis of NaCl 
Copper   Cu 63.546 1084 2562 8.96 sl   s acid metal 
pennies, copper 
scrubbing 
Copper 
chloride 
dihydrate 
CuCl2 . 2H2O 
170.48 
120 
deh  2.54 s     
blue-green 
solid synthesis  
Copper 
Carbonate 
basic 
CuCO3 . Cu(OH)2 
221.1    4 i 
s alc, dil 
acids 
blue-green 
solid synthesis 
Copper 
hydroxide 
Cu(OH)2 
97.56 d 160  3.37 i s acid 
light blue 
solid synthesis 
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Table 2.2: Continued 
  
 
 
Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density 
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Copper sulfate CuSO4 159.60 
560 
(dec)  1.04    vs  
blue-white 
cry 
copper sulfate 
pentahydrate   
Copper sulfate 
pentahydrate 
(92) 
CuSO4 . 5H2O 
249.686 110   dec 2.286 22.0 25  blue cry root killer 
Gold Au 196.97 1064 2856 19.3 i s aqua regia yellow solid coins, jewelry 
Hydrochloric 
acid (aq) 
HCl   
36.46 -114     var. ∞
yellow 
liquid 
muriatic acid 
(20/28/32%) 
Hydrogen H2 2.016 -259        -252.8 0.082 gas synthesis
Hydrogen 
peroxide (aq) 
H2O2 (aq) 
34.015 
-0.43 150.2 1    ∞  clear liquid hydrogen peroxide (3%) 
Iodine I2 126.9 113.6 185 sub 4.93 0.03 21 mL alc 
Black / gray  
metal 
tinture of 
iodine 
Iron Fe 55.847 1538 2861  7.87 i s dil acid silver metal 
nails, steel 
wool 
Iron (II) 
chloride 
FeCl2 
126 
120 
dec   2.39 65 i ace wh cry synthesis 
Iron (III) 
chloride  
FeCl3.6H2O 
162 
38 
dec  1.93 91 s ace grn cry synthesis 
Iron (II) sulfate 
heptahydrate FeSO4
.7H2O 
278.015 
~60 
dec       1.89 29.5 i alc
Iron 
supplement 
synthesis 
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Table 2.2: Continued 
 
 
 
Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density 
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Lead Pb 207.2 327 1749 11.3 i s conc acid silver metal lead weights 
Magnesium 
chloride 
MgCl2 
95.21 712       2.4 s leaflets synthesis
Magnesium 
hydroxide Mg(OH)2 58.32 
250 
dec   2.36 i s dil acid wh powd 
synthesis 
Milk of 
magnesia 
Monosodium 
glutamate  
C5H8NNaO4.H2O 
187.13 232     vs  wh powd 
MSG  
flavor enhancer 
Magnesium 
sulfate   
MgSO4 
120.0 1124      2.66 vs wh powd
dried epsom 
salts 
Magnesium 
sulfate heptahydrate 
MgSO4. 7H2O 
246.37 1124   1.67 71, 9140  wh cry epsom salt 
Mercury Hg 200.59 -38 356 13.53 i     
switches 
thermometers 
Potassium 
bitartrate 
KHC4H4O6 
188.18    1.98 18  0.62, 6100    wh powd cream of tartar 
Potassium 
chloride 
KCl 
74.55 771   1.988 35.5 25  wh cry lite salt 
Potassium 
iodide 
KI 
166.003 681   1323 3.12 148 25 sl alc wh cry 
tincture of 
iodine 
Potassium 
nitrate 
KNO3  
101.103 337 400 dec 2.11 38.3 i alc wh cry 
saltpeter 
fertilizer 
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Table 2.2: Continued 
 
 
 
Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density 
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Silver Ag 107.868 961.7 2162 10.5 i  silver solid coins, jewelry 
Sodium acetate 
trihydrate (93) 
NaC2H3O2 
82.03 58  1.45 0.8 19 mL alc wh cry synthesis 
Sodium bicarbonate NaHCO3 84.01 50   dec 2.2 10, 16.460 i. alc wh powd 
Sodium bisulfite NaHSO3 104.06 150 dec 1.48 35 sl alc wh powd 
Iron out® stain 
remover 
Sodium borate 
(borax) (94) 
Na2B4O7.10H2O
381.36 320   1575 1.73 6, 166100 i. alc wh powd laundry booster 
Sodium carbonate 
decahydrate (95) 
Na2CO3 . 10H2O
286.14 34  dec 1.46 30, 45100 i alc wh powd washing soda† 
Sodium chloride NaCl 58.44 801   1413 2.17 36, 39100 sl alc wh cry table salt   
Sodium hypochlorite 
(aq) (96) 
NaClO 
74.44 -6 
40 
dec 1.07  79.9  25  yellow liquid Bleach (5%) 
Sodium hydroxide 
(14) 
NaOH 
39.99 323   1388 2.13 110, 333100   s alc wh powd lye / drain cleaner 
Sodium oxalate Na2C2O4 134.00 
~250 
dec       2.34 3.7 wh cry synthesis
Sodium silicate 
(waterglass) 
Na2SiO3 
122.064      ∞  clear liquid 
Liquid glass 
metallic  
baking soda 
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Compound Mol. Form. Molar Mass 
MP 
oC 
BP 
oC 
Density 
g/cm320 
Solubility 
g/100g H20 
Solubility 
1 g/solvent Appearance Source 
Sodium stearate NaC18H35O2 306.46    sl  (vs hot)   soap 
Sulfur (97) S8 256.51 96-110 446 2.07 i sl alc,   yellow powd 
Security Nutonex 
flowers of sulfur 
Sulfur dioxide SO2 64.065 -75.5         -10.5 2.62 s gas synthesis
Sulfuric acid H2SO4 98.08 10 337 1.8 vs    clear liquid battery additive 
Sodium phosphate 
dodecahydrate 
Na3PO4. 12H2O 
380.12 75 
dec 
 1.62 3325, 100100      wh cry 
cleaner / 
degreaser 
Tungsten W 183.85 3422      5555  19.30 i silver metal
light bulb 
filaments 
Zinc Zn 65.39 419 907 7.14 i s acid, alk silver metal batteries 
Zinc chloride ZnCl2  136.30 290       732 2.9 432 wh solid synthesis
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CHAPTER 3: CHEMICAL SUBSTITUTION HOUSEHOLD EQUIPMENT 
 
 
3.1    INTRODUCTION 
 
 
Qualitative and quantitative analysis experiments are two candidates for chemical 
substitution.  Replacing toxic or hazardous chemicals such as silver, lead, barium, and 
mercury compounds would eliminate many safety concerns (1,98-100).  In addition, 
these chemicals all require special remediation.  Substituting them for lower cost, non-
hazardous household products would reduce the disposal cost since many household 
products can be discarded by sink or municipal trash.  
 
Experiments using household products also provide a substantial savings in cost.     A 
typical traditional experiment requires approximately 100 mL of each sample at 0.2 M 
for a class of 20 students.  Table 3.1 compares the cost of chemicals needed to perform 
Qualitative Analysis (101) to the Qualitative Analysis of 14 White Solids and Two 
Mixtures described in the next section. 
  
   44
 
Table 3.1: Cost comparison of a traditional qualitative experiment to the qualitative analysis 
of 14 white household solids experiment 
 
 
 
Traditional 
Chemical Cost of material
a Household Chemical Cost of material 
Silver nitrate 44.00  Boric 
acid 
3.29 
Copper nitrate 12.20  Calcium  
carbonate 
1.00 
Iron nitrate 20.35  Calcium  
sulfate 
4.95 
Nickel nitrate 11.75  Cornstarch 1.49 
Aluminum nitrate 16.90  Fructose 2.99 
Zinc nitrate 7.85  Magnesium  
sulfate 
0.99 
Calcium nitrate 13.80  Monosodium 
glutamate 
4.99 
Magnesium nitrate 11.80 Potassium  
bitartrate 
2.89 
Potassium nitrate 15.05  Sodium  
bicarbonate 
0.50 
Nitric acid 12.80  Sodium 
borate (borax) 
4.00 
  Sodium 
carbonate 
4.28 
  Sodium 
chloride 
0.79 
  Sodium 
hydroxide 
3.99 
  Sucrose 3.29 
a. Prices USD based on purchasing material to supply one lab of 20 students 
 
 
 
The cost of chemicals required for the traditional qualitative experiment is 
approximately $166 USD.  In comparison, the cost of materials for the qualitative 
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analysis of 14 white solids and two mixtures using household chemicals is $39 USD.     
For each experiment, the smallest “sample size” of materials was purchased.  The cost 
to acquire the minimum amount of household chemicals was one fourth of the cost 
using ‘traditional’ chemicals.  
 
Two low cost qualitative experiments and one quantitative analysis experiment are 
discussed here.  All chemicals used can be obtained from local grocery, hardware and 
pharmacies.  The experiments require nothing more then simple equipment, such as 
kitchen balances that weigh to the nearest 0.1 gram, hot plates, and test tubes.  In one 
qualitative experiment, 14 white solids and two mixtures are analyzed (102).  The 
analysis of 12 colorless household liquids is treated in the other.  A quantitative 
analysis experiment was developed for the determination of cadmium in a battery 
additive.   
 
3.2 QUALITATIVE ANALYSIS OF 14 WHITE SOLIDS AND TWO MIXTURES 
 
 
The qualitative analysis of 14 white solids and two mixtures introduces students to 
identification of unknowns using physical and chemical properties.  Unlike the 
traditional experiments, only relatively safe and accessible chemicals are used.  The 
compounds and reagents involved are also likely to interest students who are familiar 
with the products containing them. 
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The qualitative analysis of 14 white solids and two mixtures has been developed from 
previous work (21).  This new experiment eliminates reagents that are no longer 
available.  Phenolphthalein was banned from over the counter laxatives in 1997 (103).  
This scheme now uses cyanidin, the chemical responsible for the purple/violet color in 
red cabbage.  A mixture of household products has replaced copper reduction tablets 
used to test reducing sugars.  The commercial tablets are still available, however they 
are difficult to find and they cost more than preparing the mixture in lab (approximately 
$1.00 / tablet compared to only a few pennies for an equal amount using household 
materials).   
 
Three white solids and two mixtures have been added to the list of unknowns.  This 
experiment is suitable for introductory general chemistry and is easily adapted to 
middle and high schools by eliminating some of the unknowns that require more 
harmful chemicals.  The experimental design, reactions and tests used, protocol, and 
student evaluations are described below. 
 
3.2.1 Design 
 
 
Chemicals and reagents were selected from consumer products.  Tests were designed to 
identify unknown compounds using a flow chart analysis.   The following sections 
discuss the steps involved in designing the experiment. 
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A) Choice of Unknowns and Mixtures 
 
 
Compounds used as unknowns were selected from the Handbook of Household 
Chemicals (Chapter 2) for relative purity, easy accessibility and appearance.  As in 
the Qualitative Analysis of Eleven White Solids, solid unknowns used are white, and 
are found in inexpensive common products. Compounds difficult to isolate, such as 
acetaminophen were not chosen.  Others, such as naphthalene and p-dichlorobenzene 
were not selected because of their familiar odors, easily allowing them to be 
distinguished from the other odorless compounds.  Table 3.2 shows a list of 
chemicals used in the experiment with some useful properties in guiding the analysis. 
 
 
For mixtures, it was best to find products (or prepare unknown mixtures) that 
contained an insoluble and a soluble component.  Two household products were 
found to work well in the scheme.  Antacid tablets contain the soluble glucose or 
sucrose with insoluble calcium carbonate.  Baking powder contains soluble sodium 
bicarbonate and insoluble cornstarch.  Other combinations of unknown mixtures can 
also be prepared.  No more then 1 g of each unknown and 2 g of the unknown 
mixture is required.    
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Table 3.2: Chemicals and associated properties used in qualitative solids experiment 
 
 
 
Compound Molecular Formula 
Density
g/ml 
pH 
0.1M(aq) 
Solubility in H2O 
25 ˚C            hot ˚C 
Boric 
acid H3BO3 1.5 5.1 6 27100˚C 
Calcium  
carbonate CaCO3 2.71 - 0.001 0.00275˚C 
Calcium  
sulfate CaSO4 2.96 - 0.2  
Cornstarch Glucose polymer 1.5 - i  
Fructose C6H12O6 1.66 6 - 7 vs  
Glucose 
(dextrose) C6H12O6 1.54 5.9 0.5M 91 35770˚C 
Magnesium  
sulfate MgSO4
. 7H2O 1.67 7 71 9140˚C 
Monosodium 
glutamate C5H8NNaO4
. H2O 1.63 7 vs  
Potassium  
bitartrate KHC4H4O6 1.98 - 0.5 6100˚C 
Sodium  
bicarbonate NaHCO3 2.2 8.3 10 16.460˚C 
Sodium 
borate (borax) Na2B4O7
. 10H2O 1.73 9.5 6 130100˚C 
Sodium 
carbonate Na2CO3 1.46 11.6 28 45100˚C 
Sodium 
chloride NaCl 2.17 7 36 39100˚C 
Sodium 
hydroxide NaOH 2.13 12 110 347100˚C 
Sucrose C12H22O11 1.58 7 200 500100˚C 
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B) Tests / Reagents 
 
 
Tests used in the qualitative experiment included estimating solubility in water and 
dilute HCl (aq), observing pH with anthocyanin, precipitating insoluble hydroxides 
with sodium hydroxide, identifying reducing sugars with a copper reduction powder, 
releasing carbon dioxide gas with vinegar, and forming charge transfer complexes 
with tincture of iodine. The tests are described below. 
 
Solubility  
 
Compounds are initially divided into one of two groups according to their room 
temperature solubility in water. Of the 14 compounds tested in Table 3.3, ten are water-
soluble and four are much less soluble (less than 0.6 g/ml).   The amounts of unknown 
per volume of liquid had to be measured by volume.  A spatula tip of each sample, 
roughly the size of a pea or 1/16-teaspoon was used to measure the solid.  The pea sized 
amount is approximately 0.2 to 0.3 mL, therefore the volume of solid is roughly 0.2 mL 
± 0.1 mL.  Using the density, the mass of 0.2 mL of each compound was determined.  
By dividing the mass transferred by the solubility, a volume of 5 mL of water is needed 
in order to observe complete dissolution of each soluble compound.  Table 3.3 
compares the amount of sample used (normalized to 100 mL) to the sample solubility 
(g / 100 mL water).   
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Table 3.3: A comparison of solubilities for unknowns in the solids lab 
 
 
 
Compound 
Mass (g) 
using spatula 
tip 
Solubility  
g/ 100 mL 
water 
Students 
Measured 
Sample 
g / 100 mL 
Calcium carbonate 0.54 ± 0.27 0.001 10.8 ± 5.4 
Calcium sulfate 0.59 ± 0.30 0.2 11.8 ± 5.9 
Potassium bitartrate 0.40 ± 0.20  0.5 7.9 ± 4.0  
Boric acid 0.30 ± 0.15 6 6.0 ± 3.0* 
Sodium borate  
(borax) 0.35 ± 0.17 6 6.9 ± 3.5* 
Sodium bicarbonate 0.44 ± 0.22 10 8.8 ± 4.4 
Sodium hydroxide 0.43 ± 0.21 12 8.5 ± 4.3 
Sodium carbonate 0.29 ± 0.15 28 5.8 ± 2.9 
Sodium chloride 0.43 ± 0.22 36 8.7 ± 4.3 
Magnesium sulfate 0.33 ± 0.17 71 6.7 ± 3.3 
Sucrose 0.32 ± 0.16  200 6.3 ± 3.2 
 
*  In evaluations, students had no difficulty in observing water solubility of these 
compounds. 
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Solubility is the basis of several other tests that appear later in the scheme.   The much 
greater solubility of sucrose in hot water (500 g/mL) than cold water (200 g/mL) is used 
to distinguish it from sodium chloride whose solubility changes little with temperature 
(39 g/mL hot water from 36 g/mL room temperature).  
 
Two tests depend upon altering the solubility of salts in water by converting them to 
free acids.  Potassium bitartrate itself is only very slightly soluble in water, but when 
treated with 10% HCl (aq) the soluble tartaric acid is produced: 
 
 
C C C C
O
OH
O
+K -O
H
OH
H
OH
C C C C
O
OH
O
HO
H
OH
H
OH
10% HCl
 
            potassium bitartrate                             tartaric acid 
 
 
 
Upon addition of 20% HCl to freely soluble monosodium glutamate, the much less 
soluble glutamic acid (less than 1 g per 100 mL) precipitates out of solution: 
 
+H3N CH C
CH2
OH
O
CH2
C
O- Na+
O
+H3N CH C
CH2
OH
O
CH2
C
OH
O
20% HCl
 
        monosodium glutamate                    glutamic acid    
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pH 
 
 
Anthocyanins occur widely in plants, being responsible for their blue, purple, violet, 
magenta, red and orange coloration.  Naturally occurring anthocyanins (Greek: anthos, 
flower; kyanos, blue) have a C6C3C6 backbone skeleton and occur as glycosides of one 
of several aglycone cores (Figure 2-1).  Substitution of –OMe, –OH, or –H at the R1,2 
positions on ring B gives a variety of compounds and colors found in different fruits 
and vegetables (Table 3-4).  Although the stability of the anthocyanin decreases with 
increasing pH, a rainbow of colors can be seen as a result of a stabilizing effect from 
the sugar moieties (104,105). 
 
 
 
O+
OH
R1
HO
R4
R3
R2
B
A
 
 
 
Figure 3.1: Anthocyanin aglycone core.  The R3, 
and R4 positions are substituted 
sugars, while R1 and R2 are –H, -OH, 
or –OMe 
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Table 3.4: Common sources of anthocyanins 
 
 
 
 
 
 
 
               
Source Aglycone R1 R2 
Cabbage Cyanidin OH H 
Cranberry Peonidin OCH3 H 
Blackberry Delphinidin OH OH 
 Petunidin OCH3 OH 
Blueberry Malvidin  OCH3 OCH3 
Strawberry Pelargonidin H H 
 
 
 
 
 
          
 
Red cabbage and other naturally occurring anthocyanins are readily available and 
offer a diverse range of colors for acid-base indicators (106-111).     
 
Anthocyanin (aq) has a limited shelf life once extracted from the cabbage.  As the 
anthocyanin ages, it becomes increasingly difficult to distinguish samples such as boric 
acid (pink) from other neutral samples (violet).   A study was performed determining 
the longevity of anthocyanin extracted using various solvents and storage conditions.  
Water and 70% isopropyl alcohol (rubbing alcohol) were chosen since they are readily 
available.  Water extraction provided a convenient method only if the sample was to be 
used the same day.  Upon storage, degradation of aqueous anthocyanin occurred rapidly 
as the anthocyanin supported mold growth, even with refrigeration.  Alcohol, on the 
other hand, inhibits the growth of mold spores, increasing the shelf life of the indicator.   
 
Using rubbing alcohol, room temperature samples and refrigerated samples were 
observed over a period of more than three weeks for degradation of color.  A new 
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sample was prepared and refrigerated, then tested after 25 days.  The degradation of 
anthocyanin can be seen in Figures 3.2 and 3.3.  The spectrum of the refrigerated 
sample was unchanged, while that of the un-refrigerated sample was reduced by 
roughly half.   
 
 
Stability of Red Cabbage Anthocyanin
Samples Aged for 25 Days (Refrigerated)
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Figure 3.2: Absorption degradation study of a refrigerated sample of anthocyanin 
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Figure 3.3: Absorption degradation study of an unrefrigerated sample of anthocyanin 
 
 
Of the several methods used to extract anthocyanin, reducing a one-liter isopropanol 
solution (500 g cabbage / L alcohol), to roughly 50 mL produced a final concentration 
that would give clearly visible colors for all compounds tested.  The indicator, prepared 
as described above, lasted over 6 weeks with refrigeration 
 
Anthocyanin as a universal pH indicator gave the following colors:   
 
pH=1-3 (red), 4 (pink), 5-6 (pink-violet)  7 (violet),   8 (blue) 
9 (blue-green) , 10-12  (green),  >12 (green- yellow) 
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Four of the unknown solutions exhibit typical color changes upon addition of cabbage 
extract.  Sodium bicarbonate turns anthocyanin bluish-green (pH  8), sodium 
carbonate green (pH 11.5), sodium hydroxide green-yellow (pH 12-13), and boric 
acid pink  (pH 5).   Although the pH of the aqueous sodium borate in this experiment 
is 9.5, anthocyanin will not turn the expected green-blue color. The grayish mixture 
produced can be used as a positive identification for borax. 
 
Copper Reduction  
 
Copper reduction tablets used by diabetics to test for glucose in urine are not as readily 
available in pharmacies.  The tablets contain by mass 1 part copper sulfate, 12 parts 
sodium hydroxide, 4 parts sodium carbonate and 15 parts citric acid.  A powdered 
mixture using household ingredients will do as well: 1 part copper sulfate from root-
killing products, 12 parts sodium hydroxide from lye, 4 parts sodium carbonate from 
Arm & Hammer® washing soda, and 15 parts sodium chloride instead of citric acid.  
Citric acid is present to react with the alkaline components supplying heat to speed up 
the redox reaction.  Since the reaction will be fast enough without added heat, sodium 
chloride is used as filler in place of the citric acid.  The solid mixture should be stored 
in a foil-covered bottle to protect it from light and should be kept away from excessive 
heat.  A spatula tip of the powdered mixture replaces about half of a commercial copper 
reduction tablet.   
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H
CHO
OH
HHO
OHH
OHH
CH2OH
NaOH
Cu+2
H
COO- Na+
OH
HHO
OHH
OHH
CH2OH
+ Cu2O (s)
 
 
 
 
 
 
 
Sucrose is not a reducing sugar and thus does not react.  Note that glucose oxidase 
enzyme test strips could be used to distinguish fructose from glucose.  However, the 
fructose available in food stores contains enough glucose to give a positive test with 
the enzyme strips. 
 
The copper reduction test can also be used (rather than solubility in hot water) as an 
alternative method for distinguishing sucrose from salt.  The unknown is first treated 
with dilute HCl to convert sucrose to the reducing sugars, glucose and fructose. 
 
Evolution of Carbon Dioxide Bubbles 
 
Carbonates or bicarbonates evolve carbon dioxide gas upon reaction with acids, such 
as acetic acid in vinegar. The test can be done with a solution, mixture or solid.  
Calcium sulfate (Plaster of Paris) often contains a small amount of carbonate 
impurity, so some bubbles may form, however, much less than for calcium carbonate.  
Evolution of bubbles can be used to distinguish sodium hydroxide from sodium 
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carbonate if the colors produced by addition of anthocyanin are not clear enough to 
make a positive identification (See flowchart in Figure 3.2).  
 
 
Formation of Starch-iodide Complex 
 
Amylose, a component of starch, reacts with triiodide ions present in tincture of 
iodine to form the deep blue starch-pentaiodide complex (79,112). 
 
   
 
 
+   2I3-   →                           Ι5−                                    + I- 
 
 
                                  
                  deep blue complex 
 
 
 
 
 
Formation of an Insoluble Hydroxide 
 
 The appearance of a precipitate upon the addition of a solution of sodium hydroxide, 
2% NaOH(aq), is used to detect  magnesium sulfate: 
 
             MgSO4(aq)   +  2NaOH(aq)  →   Mg(OH)2(s)  +    Na2SO4(aq)   
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Of the water soluble compounds only the magnesium sulfate forms an insoluble 
hydroxide  (Ksp Mg(OH)2 ≈ 10-11).  
 
 
Analysis of Baking Powder 
 
 
 
Several brands of baking powder include cornstarch and sodium bicarbonate.  For 
example, the Rumford® brand contains 47% CaH2PO4 , 31% sodium bicarbonate, and 
the rest cornstarch.   Addition of water first produces foam, which dies down after 
two minutes.  The mixture can then be filtered and analyzed. Any other ingredients 
present, such as calcium acid phosphate, will not interfere with the tests in this 
scheme. The cornstarch is readily identified using iodine and the aqueous sodium 
bicarbonate by addition of anthocyanin. 
 
Analysis of Antacid Tablets 
 
 
 
The antacid tablets used here contain 500 mg calcium carbonate per tablet as the 
active ingredient.  Sucrose is added to TUMS® tablets, while generic tablets such as 
Thriftway Brand®, contain glucose (dextrose).  Reaction with copper reduction 
reagent is used for the identification of dextrose present in the generic brands.   
Identifying the sucrose in Tums® is challenging because following the flow chart, 
students will find that only sucrose or sodium chloride is present in the aqueous 
portion.  Further, the concentration of sucrose is very low making it difficult to 
identify.  However, addition of 20% HCl to a saturated sample, followed by testing 
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with the copper reduction powder could be used to identify glucose and fructose from 
the hydrolyzed sucrose.  A flame test could also be used.  Burning sucrose is easy to 
detect.   
3.2.2 Flow Chart 
 
Matrix grid and flow chart analysis are two approaches used in conducting qualitative 
experiments.  A matrix analysis is designed to observe all possible combinations of 
reactions between the compounds.    Flowchart analysis schemes have been used as 
design tools to systematically conduct a series of tests to group compounds through 
the progression of the chart.  As the flow chart continues, the groups are minimized to 
eliminate one or more compounds. 
 
The flowchart offers an organized methodical approach to identify an unknown 
compound from a group of candidates.  Many possible reactions are eliminated that 
simply do not need to be performed.  The chart is organized by dividing unknowns 
into the smallest number of categories with a few compounds in each.  As can be seen 
from Table 3.2, separating the unknowns initially by solubility rather then pH results 
in two categories with four insoluble and 10 soluble.   The 10 soluble compounds are 
then tested by pH eliminating 5 from further consideration. Without the flowchart 
approach students would have to perform a total of 112 reactions with little success of 
identifying an unknown.  Using the flowchart, only 47 tests would be required. 
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Water
 Insoluble Soluble
I2
Deep blue
Cornstarch CaSO4, CaCO3 
KHC4H4O6   
Vinegar
 Bubbles
CaCO3 CaSO4 
KHC4H4O6
Violet 
NaOH (aq) 
Fructose or Glucose 
MSG Sucrose,   NaCl
Cu(II)
Red Solid
Fructose or Glucose
Hot Water
Very soluble Less soluble
 White Solid
NaCl,   NaHCO3,  CaSO4,  Sucrose,  CaCO3,   NaOH,   Na2CO3 , Cornstarch,  
Fructose or Glucose,  MgSO4,  H3BO3, MSG,  KHC4H4O6,   Na2B4O7  
Cornstarch, CaSO4,  
  CaCO3,  KHC4H4O6   
NaCl, NaHCO3, Sucrose, MSG,  Fructose or Glucose,  
NaOH, MgSO4, H3BO3, Na2B4O7, Na2CO3  
Anthocyanin 
Blue Pink
H3BO3
NaCl, 
Sucrose, 
Fructose 
or Glucose, 
MSG, 
MgSO4  
NaHCO3
Na2B4O7
Grayish
MgSO4
Sucrose, NaCl
10% HCl
Dissolves
KHC4H4O6 CaSO4
20% HCl
MSG
White Solid
NaCl, MSG, Sucrose 
Sucrose NaCl
NaOH/Na2CO3
Yellow/Green
 Bubbles
Vinegar
Na2CO3 NaOH
 
 
 
Figure 3.4: Flow chart for the qualitative analysis of 14 white solids 
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3.2.3 Evaluation 
 
 
A formative evaluation was conducted during initial experimental development.  
Students were asked during the general chemistry lab (spring 2000 term) to respond to 
a post experiment survey.  The survey was conducted at the end of the each lab period.  
The students were given a survey form with their lab write up:   
 
Please list anything about this write-up that needs to be changed or 
clarified in any way.  You may include style of data sheet, or anything at 
all.  Be specific and feel free to e-mail us if you wish.  Your grade on the 
lab will also depend upon thoughtful comments.   
 
 
Over 180 students were asked to discuss any ambiguities in the material.  Revisions 
were made throughout the experiment so the new version could be evaluated.  After 
evaluating all surveys, the final version can be found in Appendix B. 
 
Roughly half of the students surveyed found no problems with the lab write-up.  Some 
students commented that the flowchart appeared too early in the write-up, therefore 
students immediately began testing compounds instead of reading through the 
directions.  By moving the chart to the back of the lab write-up, more students read 
through the procedure prior to testing.  Many students simply used too much sample so 
identifying solubility was difficult.  More emphasis was included regarding the 
importance to the amount of sample that should be used.  Some students requested 
more step-by-step instructions included in the lab directions.  For example, students 
saw a variation in the color of precipitate for the copper reduction test, so a broader 
range was included.  A number of students commented on the usefulness of the flow 
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chart in helping them to understand the process, while a data table alone would be 
confusing.   
 
3.3 QUALITATIVE ANALYSIS OF 12 HOUSEHOLD LIQUIDS 
 
 
 
The qualitative analysis experiment described here uses liquids rather then solids. 
Twelve readily available household liquids are distinguished using both physical and 
chemical properties following a flow chart analysis.  This experiment introduces more 
organic reactions for example, the formation of a yellow precipitate (iodoform) to 
distinguish alcohols through the formation of a methyl ketone. Students should have 
some familiarity with identifying functional groups and nomenclature.   
 
3.3.1 Design 
 
 
A) Choice of unknowns 
 
Compounds used as unknowns were selected from the Handbook of Household 
Chemicals (Table 2.1 and 2.2) for purity, easy accessibility, and optical clarity.  Two 
forms of ethyl acetate were obtained, clear nail polish thinner and colored acetone free 
nail polish remover. The nail polish remover can be decolorized with any carbon filter 
from aquarium or water treatment supply stores.  The compounds used in the 
experiment are listed in Table 3.5. 
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Table 3.5: Compounds and parameters used in the qualitative 12 liquids lab 
 
 
 
Compound Molecular Formula 
Density 
g/mL 
RT Solubility 
g/100 g water 
Alkanes   
(Cn, n<7)  
CnH2n+2,  n<7  0.6-0.7 i 
Alkanes  
 (Cn, n>12)  
CnH2n+2,  n>12  0.82 i 
Pinene C10H16  0.874 i 
Ethyl acetate C4H8O2  0.9 10 
Methyl ethyl  
ketone 
C4H8O  0.805 27 
Acetone C3H6O  0.784 ∞ 
Dipropylene glycol 
methyl ether 
C7H16O3  0.95 ∞ 
Ethanol C2H6O 0.789 ∞ 
Dextrose (aq) C6H12O6  1.54 ∞
4 
Glycerol C3H8O3  1.26 ∞ 
Isopropyl alcohol 
(70%) 
C3H8O   0.785 ∞ 
Methanol CH4O  0.791 ∞ 
 
 
 
 
                                                 
4 Dextrose (solid) has a solubility of 1g/mL water; Karo syrup contains roughly 15 to 20% dextrose in 
water. 
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B) Tests/Reagents 
 
 
A series of chemical tests were chosen for this experiment.  Many of the unknowns 
were identified through functional group tests.  Each test is described below. 
 
Solubility Tests 
 
 
The liquids are initially separated into two groups according to their room-temperature 
solubility in water.  Referring to Table 3.5, nine compounds are water-soluble, while 
three are insoluble.  The solubility of each compound is observed by addition of seven 
drops (plastic pipette) of the sample to 1 mL of water.  Globules of insoluble 
compounds appear on the surface of the water layer, while soluble compounds mix 
completely.  Two compounds, ethyl acetate and methyl ethyl ketone have intermediate 
solubilities of 10g/100mL and 27g /100mL, respectively.  Following the flowchart in 
Figure 3.4, these compounds are distinguished by adding more unknown until an 
insoluble layer forms.  Methyl ethyl ketone requires approximately 26 drops, while 
ethyl acetate (from nail polish remover) requires 35 drops.   
 
Interaction with Polystyrene 
 
Interaction of liquids with polystyrene foam (styrofoam cups) can be used to 
distinguish four of the nine soluble compounds.  Two of the four liquids relax and 
flatten the polystyrene, although they are not considered to be solvents (113).  These 
two, acetone and dipropylene glycol methyl ether release trapped air and form bubbles 
This effect has been used as a demonstration of the “bottomless mug” where a small 
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amount of acetone placed in a mug continually dissolves the polystyrene, leaving the 
flattened polymer (114). Ethyl acetate and methyl ethyl ketone actually dissolve 
polystyrene, giving a clear solution. 
 
Formation of NaHSO3 Addition Complex 
 
Bisulfite addition complexes form with aldehydes and some methyl ketones as shown 
below (115). This reagent must be prepared fresh, as the bisulfite solution will undergo 
oxidation from air (77).   
 
H3C
C
R
O
NaHSO3
R
CH3C O
SO3 Na
+ H
 
 
Acetone and methyl ethyl ketone react to form a white bisulfite precipitate. 
 
Cu+2 Reduction 
 
An oxidation-reduction reaction, using Cu+2 (from copper sulfate) as the oxidizing 
agent, identifies reducing sugars such as fructose and glucose by giving a reddish 
precipitate.  See Section 3.1.2-Copper reduction test. 
Karo syrup, one of the unknowns, contains 15 to 20% dextrose and some fructose 
(116).   
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Anthocyanin-Borate Test 
 
The borate test has been used in qualitative organic analysis to test for the presence of 
1,2-diols (117,118).  A 1% borate (borax) solution turns pink with phenolphthalein.  
Upon addition of a 1,2-diol, the color will slowly fade to colorless because of the 
formation of a boroester (119).   
 
H
C RO
C
H
RO
+      B4O7
-2
H
CR' O
C
H
R O
H
CR' OH
C
H
R OH
B-
colorless
boroester complex
2
'
 
 
Phenolphthalein, once available in the suppository Ex-Lax®, has been banned by the 
FDA, however a similar test can be performed using the anthocyanin extracted from red 
cabbage.  Addition of a few drops of anthocyanin indicator in a 1% borate solution 
yields a brownish / gray solution.  This gray color is the result of a boroester formation 
between the two adjacent hydroxyl groups, found in cyanidin (120-122).  Addition of a 
1,2-diol to the borate-cyanidin solution gives a same violet solution that would be 
obtained upon addition of anthocyanin to water.  
 
The gray cyanidin-borate complex breaks down to produce anthocyanin and a colorless 
borate-diol complex. 
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A color change may be observed as the two sources of 1,2 diols form an equilibrium 
with the cyanidin.  By reacting the gray cyanidin-borate solution with ethylene glycol, 
the color appeared violet, as the cyanidin becomes “free” from the boroester complex.  
UV-VIS spectroscopy was used to verify the color variation 
 
 
All solutions were prepared using a Jencons Sealpette 1 to 5 mL adjustable pipette and 
10.00 mL volumetric flasks diluting with distilled water.  Table 3.6 lists the 
experimental parameters. 
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Table 3.6: Borate test: 1% Borate solution is added to anthocyanin 
 
 
 
Volume (mL) Figure Indicator Borax Ethylene Glycol λmax 
3.5 1.00 0.00 0.00 541 
3.6 1.00 1.00 0.00 572 
3.7 1.00 1.00 2.50 563 
 
 
 
 
The absorbance study of anthocyanin was conducted using glass cuvettes on a   
Genesys 2 UV-VIS scanning spectrophotometer (Fischer Scientific).  A background 
scan was done using distilled water.  Figure 3.5 shows a 1:10 dilution of the violet 
cabbage extract.  The addition of borax resulted in an approximate 30 nm red shift 
(Figure 3.6); the resulting solution appeared gray.  Upon addition of ethylene glycol, 
the borate-anthocyanin breaks down to produce an ethylene glycol-borate complex.  
The solution visibly appears violet as the colorless ethylene glycol-borate ester forms, 
shown in Figure 3.7.   
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Figure 3.5: Anthocyanin red cabbage absorption spectrum.  1:10 dilution of extract 
 
 
 
  
 
Figure 3.6:  Anthocyanin red cabbage absorption spectrum with addition of 1.00% borate solution 
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Figure 3.7: Anthocyanin red cabbage absorption spectrum with both borate and ethylene 
glycol added 
 
 
NaCl – Separation of water in rubbing alcohol 
 
The addition of salt to the isopropyl alcohol reduces the solubility of isopropyl alcohol 
in water through the formation of a hydrated salt-water layer.    The test is used to 
distinguish rubbing alcohol from methanol and ethanol. 
 
I2 / NaOH 
 
Methyl ketones react with aqueous sodium hydroxide and iodine to form iodoform 
(CHI3), a yellow solid.  Secondary alcohols that can be oxidized to a methyl ketone also 
react.  Both reactions are shown below. 
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R
C
O-Na+
O
R
C
CH3
O
R
CH
CH3
OH
iodoform
(yellow solid)
NaOH (aq)
I2
CHI3+
NaOH (aq)
I2
 
 
 
Two alcohols are tested, methanol and ethanol.  Tincture of iodine contains ethanol; 
therefore a precipitate will form when testing either liquid.  However, methanol 
required over 100 drops to form a precipitate compared to less then 50 drops for 
ethanol. 
 
Two sources of ethanol, grain and 70% ethyl rubbing alcohol (ethanol, isopropanol and 
water) were tested.  Ethyl rubbing alcohol formed a precipitate with less then 10 drops 
of iodine, while the grain alcohol required approximately 50 drops.    
 
Formation of a Charge-Transfer Complex 
 
Tincture of iodine contains iodine (I2) which forms a charge transfer complex with 
compounds containing double bonds, turning the sample orange, while solutions of 
iodine in alkanes are pink.  Pinene, found in turpentine, gives an orange solution while 
naphtha and lamp oil are pink (123)   
 
I2
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Evaporation of Alkanes 
 
The two alkanes can be distinguished by their evaporation rate.  Naphtha and lamp oil 
are composed of low and high molar mass hydrocarbons, respectively.  As the molar 
mass of the compound increases so does the boiling point, however the rate of 
evaporation decreases.  A variation of approximately 20 oC is required to see a 
significant difference in evaporation. 
 
3.3.2 Flowchart 
 
 
The flowchart in Figure 3.8 was is similar to the one used in the Qualitative Analysis of 
14 White Solids and Two Mixtures experiment.  The unknowns are categorized into 
groups and divided into subgroups using chemical tests (see section 3.2.2 – Flowchart).   
 
Solubility is used first to separate three insoluble and nine soluble compounds.  The 
soluble compounds are then mixed with polystyrene.  The order of the tests is 
important.  For example, copper reduction is used to eliminate dextrose.  This test must 
come before the anthocyanin-borate, since both dextrose and glycerol would react with 
the borate.   Sodium bisulfite addition is used to identify methyl ketones, distinguishing 
two of the four compounds that reacted with polystyrene.  The identification is further 
determined through the test for intermediate (limited) solubility in water (methyl ethyl 
ketone: 27g/100g).  The insoluble alkanes are distinguished from alkenes using the 
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iodine test on the alkenes with iodine, and later the alkanes are identified by their 
evaporation rate (density could also be used).  
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igure 3.8:  Flow chart for the qualitative analysis of 12 household liquids 
 
F
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3.3.3 Evaluation 
 
 formative evaluation was conducted during the general chemistry lab during the 
Please help us fix any formatting and conceptual difficulties this experiment may 
have by answering the following.  You will receive a grade for this lab ONLY by 
rganization easy to follow with write-up of listed 
tests in experiment?  If not, any specific problems. 
 the instructor able to 
3. 
s, or comments you feel would make experiment easier to 
 
Over 187 students were asked surveyed and corrections were made prior to the next lab 
oughly half of the 187 evaluations contained only minor requests for adjustments.  
such 
rred 
A
spring 2002 semester at Drexel University.  The students were given a survey form with 
their lab write-up: 
 
submitting this questionnaire, however the grade is not based upon your answers.  
Please feel free to make any further comments as needed.  Use separate sheet of 
paper (or back) to elaborate.   
 
1. Was the flowchart o
2. Were the tests described sufficiently for basic understanding of 
reactions?  For experimental procedure? If not, was
help? 
General comments overall about the experiment.  Any specific 
problem
understand and perform? 
session.  The new revisions were evaluated again during the following lab session.   
 
R
Lab instructors were also asked to provide comments, and discuss any problems 
encountered by students.  Some surveys were very specific regarding difficulties 
as observing the interaction of polystyrene with ethyl acetate and acetone.  Many 
students were mixing more than one solvent at a time; therefore the reactions occu
before the students had an opportunity to observe anything.   These problems were 
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addressed by modifying the instructions as the evaluation proceeded.  The final lab 
documentation is found in Appendix C. 
 
 
.4 GRAVIMETRIC ANALYSIS OF CADMIUM IN ELECTROSTART  
 
 
 method was designed to quantitatively determine the amount of cadmium in 
ined 
d 
he precipitation of cadmium oxalate is shown below: 
3
BATTERY ADDITIVE 
 
A
Electrostart® battery additive, a product that contains cadmium sulfate, was obta
from a local automotive store (the product is no longer sold).  Oxalic acid, also require
in the analysis, is readily available in hardware stores as wood bleach.  The experiment, 
suitable for high school and college level general chemistry, was designed to introduce 
the topic of gravimetric analysis using available chemicals and a balance (kitchen 
balance) that weighs to the nearest 0.1 g.  
 
T
 
Cd+2 (aq) + C2O4
-2 (aq) CdC2O4(s)      Ksp = 1.5 x 10
-8
 
 
eakers, Erlenmeyer flasks or jars can be used to prepare solutions of oxalic acid.  A B
spatula is also required.  Filtering can be done with paper coffee filters.   
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In designing the experiment, one important goal was to reduce cost by using as little 
starting material as necessary.  The Electrostart was available in 125 mL bottles at a 
cost of $3.99 each.  A series of tests were conducted to identify the most cost effective 
analysis, by using an appropriate precipitating agent to maximize the mass of 
precipitate, thereby reducing the required starting amount.   
 
Three phases were performed in the design for the gravimetric analysis experiment.   
 
1. Determination of cadmium content using instrumentation 
2. Preparation of a gravimetric method 
3. Downsizing for student experiment 
 
3.4.1 Design 
 
Determination of cadmium content.   
 
Using an atomic absorption (AA) spectrometer, cadmium content was quantitatively 
determined in the Electrostart Battery Additive.  From the calibration curve in Figure 
3.9, the concentration of cadmium contained in the battery additive was determined, 
0.00996 g/mL Cadmium (from 0.0184 g/mL cadmium sulfate).   No concentration was 
provided by the manufacture. 
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Figure 3.9: Atomic absorption calibration curve of cadmium standards 
 
 
Preparation of a gravimetric test method. 
Test solutions (0.1 g/mL Cd) were prepared to match the cadmium content found from 
the AA measurements.  Three precipitating agents were evaluated, carbonate, oxalate 
and hydroxide (from sodium carbonate washing soda, oxalic acid wood bleach and 
sodium hydroxide drain cleaner). The Ksp’s of the resulting precipitate are listed in 
Table 3.7.  The concentration of each reactant well exceeds the solubility product for 
the cadmium compounds; each anion would form a precipitate with Cd+2.   
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Table 3.7: Solubility product constants for cadmium 
compounds 
 
 
 
Compound Ksp 
Cd(OH)2 5.27 x 10-15 
CdCO3 6.18 x 10-12 
CdC2O4 1.42 x 10-8 
 
 
The balances used to evaluate the experiment available measure to the nearest 0.01 g.   
Ultimately the experiment would be prepared to use simple kitchen balances that 
measure to the nearest 0.1 g.  An appropriate precipitating agent must be identified in 
order to provide a precipitate of highest possible mass to reduce the amount of required 
starting material.  Table 3.8 shows the expected mass of each Cd precipitate with a 
given volume of the Electrostart additive.   
 
Table 3.8:  Expected yield of cadmium precipitates  present in  
Electrostart® containing 0.00996 g/mL Cd 
 
 
 
Mass of Precipitate (g) Volume 
Electrostart (mL) CdC2O4 CdCO3 Cd(OH)2 
15 0.27 0.23 0.05 
20 0.36 0.31 0.06 
50 0.89 0.77 0.15 
60 1.07 0.92 0.18 
100 1.78 1.53 0.30 
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From the estimated masses of precipitates, sodium hydroxide was eliminated from 
consideration since at least 50 mL of Electrostart would be required to achieve 2 
significant figures; on the other hand, oxalic acid and sodium carbonate require much 
less.   
 
A 20.0 g/L solution of cadmium sulfate was prepared, along with two solutions of 
sodium carbonate (washing soda) and oxalic acid (wood bleach). The solution of 
cadmium sulfate was prepared from reagent material to approximate the concentration 
identified from the atomic absorption data (0.00996 g/mL Cd).  A 5% sodium carbonate 
solution was prepared from Arm & Hammer5 washing soda and used in excess.  A 2% 
oxalic acid solution was also prepared.  Table 3.9 represents typical data from the 
precipitation of cadmium carbonate.  Various amounts of cadmium sulfate solution 
were mixed with 50 mL of sodium carbonate.  The precipitates were collected by 
gravity filtration, using coffee filters.   
 
Table 3.9: Results from gravimetric analysis of cadmium sulfate and sodium carbonate 
 
 
Volume 
CdSO4 
Theoretical mass
CdCO3 (g) 
Actual mass
CdCO3 (g) 
Actual Cd 
g/mL 
% 
error 
30 0.46 0.41 0.0089 10.4% 
40 0.61 0.68 0.0110 11.4% 
100 1.52 1.63 0.0106 6.8% 
                                                 
5 Arm and Hammer washing soda contains over 90% sodium carbonate.  Generic brands contain 10% 
   sodium   carbona te and are not used. 
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Collection of cadmium carbonate proved difficult.  Several attempts were needed to 
collect as much of the precipitate, as it filtered through the paper on a consistent basis, 
leading to the higher error in the results.  Oxalic acid, on the other hand, produced a 
precipitate that could be filtered.  Therefore, oxalic acid (aq) was used as the 
precipitating agent.  Oxalic acid was reacted with 15 mL of Electrostart (cadmium 
sulfate).  The amount of cadmium was then calculated showing the percent error from 
the 0.00996 g/mL identified from atomic absorption data.  The results are shown in 
Table 3.10. 
 
Table 3.10: Results of gravimetric analysis of Cd in Electrostart® battery additive 
 
 
Test 
 
Expected Mass 
CdC2O4 (g) 
Actual Mass
CdC2O4 (g)
Cd Present 
(g/mL) 
% 
Error 
1 0.266 0.28 0.0104 4.8 
2 0.266 0.28 0.0104 4.8 
3 0.266 0.27 0.0100 1.3 
 
 
 
 
Phase 3:  Downsizing experiment 
 
The last step was to prepare a student experiment, using a minimum volume of 
Electrostart.  It was assumed that balances available measured to the nearest 0.1 gram.   
Only 60 mL of Electrostart would be needed using oxalic acid as the precipitating 
agent, allowing each group of students 2 trials per bottle.  This would cost about $50 
USD for 12 groups of students (2 per group).   
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This project had to be halted in 2000, when a ban on the cadmium product was enacted 
in the United States.  Plans are in progress to prohibit other products containing 
cadmium, such as Ni-Cd rechargeable batteries6. 
                                                 
6 Conversation with technical representative at Duracell® battery company 
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CHAPTER 4: CHEMICAL SUBSBTITUTION USING ACADEMIC 
 
 
 
4.1 INTRODUCTION 
 
In chapter 3, consumer products were used in a series of experiments that required no 
special equipment or instrumentation.  In this chapter, two additional experiments also 
utilizing household chemicals have been designed.   However, these experiments 
involve the use of instruments or special equipment.  The use of instrumentation in 
experiments is a general method recommended for reduction of waste since such 
experiments tend to use small amounts of chemicals (4).  Combining the use of 
instruments with chemical substitution further minimizes pollution.  Gas 
chromatography (GC) and infrared spectroscopy (IR) are used for the quantitative 
determination of limonene in a spot and stain remover.  Detailed description of the 
experiment follows in Section 4.2. 
  
Experiments utilizing household chemicals are well-suited for the Science in Motion 
(SIM)7 program, a basic/higher education partnership funded by the State of 
Pennsylvania that provide equipment for high school chemistry classes (pH-meters, 
UV-VIS and IR spectrometers, MelTemps melting point apparatus, computer-
interfaced probes, analytical balances, microscale glassware kits).  Two of the 
                                                 
7 Philadelphia Science-In-Motion program: http://www.philasim.org 
  Pennsylvania Science-In-Motion program: http://www.scienceinmotion.org  
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experiments discussed in this chapter, distillation of nail polish remover and synthesis 
of ethyl salicylate from aspirin, were designed for SIM.  Both the distillation and 
esterification require a condenser.  However, in most high school laboratories, water-
cooling is impractical or even impossible.  Developing a novel ice-cooled condenser 
provided the schools with the opportunity to perform distillations as well as 
experiments requiring reflux (124).  The ice condenser is not only convenient to use, 
but also conserves water and prevents flooding.  Design of the ice cooled condenser, 
the distillation of acetone in nail polish remover and the esterification of salicylic acid 
are described in Sections 4.3 and 4.4. 
 
4.2 QUANTITATIVE ANALYSIS OF LIMONENE IN SPOT AND STAIN 
 
Two instruments, GC and IR, are used in the analysis of additives present in a 
household spot and stain remover.   The experiment can be easily incorporated into an 
analytical or chemical engineering instrumental analysis course.  Students are afforded 
the opportunity to compare results of various techniques, including any shortcomings of 
one particular approach.   
 
Several examples are described where multiple instruments have been employed in the 
analysis of single a single analyte.  For example, in an undergraduate elemental analysis 
lab, lead has been subjected to a variety of instruments ranging from UV-VIS, to NMR 
to electrochemical methods (125), phthalates have been studied in plastics using GC 
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and IR techniques (126), caffeine in soft drinks were studied using UV, LC and CE 
methods (127), and antacid tablets were analyzed with computer controlled titrations, 
atomic absorption spectroscopy and GC-MS (128).  Polycyclic aromatic hydrocarbons 
in cigarette smoke were studied with a comparison of absorption and fluorescence 
detectors using HPLC (129), in addition, formaldehyde was subjected to HPLC and GC 
analysis (130).    
 
Many petroleum based stain-cleaning products have an additive that provides an odor 
and additional solvent power.  These additives belong to a class of compounds called 
terpenes; compounds with structural isomers with a C10H16 backbone.  A few examples 
of terpenes are shown in Figure 4.1, including limonene, terpenine (found in turpentine 
substitute) and pinene (turpentine). 
 
 
           
 
 
 
               Limonene                              Terpenine                        α−Pinene 
 
 
Figure 4.1: A series of terpenes commonly found in consumer cleaning products 
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Limonene is an optically active compound occurring naturally as the R-isomer in many 
citrus fruits.   The oils are extracted and used as additives for flavor, odor or solvent 
properties (131). Terpenes, the volatile compounds found in some natural products have 
been studied in an academic setting using a variety of instrumental methods including 
GC, FTIR and mass spectrometry (MS) (132-136).  An instrumental analysis 
experiment has been designed using gas chromatography to analyze limonene extracted 
from orange peels (137).  Students attempt to identify an unknown concentration of 
orange oil by analyzing the amount of limonene present; where orange oil was found to 
contain 95.03% limonene in a previous analysis (138).    
 
4.2.1 Selection of Household Products for Analysis 
 
Household spot and stain removers, many of which are labeled “contains petroleum 
distillates”, contain alkanes ranging from pentanes to higher mass tetradecanes.  These 
products may also contain terpene additives to provide additional cleaning power and a 
pleasant odor.   
 
Several petroleum-based spot and stain removers each containing an “orange-odor 
additive” were collected.  Googone®, Citrus Strip® and GoofOff Citrus Solvent®, 
contain alkanes (C10 to C14) and one or more terpene additives.  The products are all 
readily available in hardware and grocery stores.     
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Gas chromatography with mass spectrometry (Hewlett-Packard 5890 GC/Finnigan4900 
MS) was used to qualitatively identify the composition of each product.  Citrus Strip® 
and Goofoff Citrus Solvent® were quickly eliminated from further consideration due to 
an excessive number of unresolved peaks in their chromatograms. Googone provided a 
clean chromatogram as shown in Figure 4.2.  Major peaks were identified using mass 
spectrometry.  The MS of limonene is shown in Figure 4.4 (undecane and dodecane are 
shown in Appendix D).   
 
The composition of Googone was found to vary from year to year.  The chromatogram 
of a bottle purchased in 1996 is shown in Figure 4.2, differs from that of the 
chromatogram shown in Figure 4.3, purchased in 2001.  There were as many as 20 
different peaks in the chromatogram, in the 2001 sample, including limonene, decane 
and dodecane.  Mass spectrometry verified the presence of limonene (Figure 4.4).  In a 
written communication with Magic American Corporation, the makers of Googone, 
they noted that their product could vary in its formulation, while still meeting their 
performance criteria.  Limonene and some hydrocarbons (decane and dodecane) were 
verified by comparing their relative retention times to a pure sample (reagent grade 
limonene, Figure 4.3b). 
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           Dodecane 
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Figure 4.2: GC of  Googone® (sample from 1999) 
 
        
                 Decane         
   
 
GOOGONE SAMPLE (a)                  Limonene              
 
                                          Dodecane
              
                                    
 
 
 
 
 
            
LIMONENE (b) 
     Limonene                                                         
 
                                                           Time (minutes) 
 
Figure 4.3: Comparison peak retentions in Googone® (a) and limonene (b) gas chromatographs 
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Figure 4.4: Mass spectral identification of limonene in a 1996 sample of Googone® (MW: 136) 
 
 
 
4.2.2 Selection of Instrumentation for Analysis 
 
Two instruments were used to quantitate the percentage limonene in Googone spot and 
stain remover.  The actual concentration of limonene in Googone is proprietary 
information.  GC is a well-established method for the analysis of volatile organic 
compounds such as those found in Googone.  Therefore, quantitative analysis 
performed by GC provided the benchmark that was used to verify the results of the 
FTIR analysis.      
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Quantitative analysis can be performed using FTIR, although there are inherent 
difficulties with the quantitative sample apparatus.  Assembly of the multi-component 
cell in order to avoid leaks in the sealed cavity is time consuming.  Excess sample is 
necessary to flush the cavity between analyses, as well.  Windows, cell-spacers and o-
rings required for a uniform cell cavity, have been replaced by the Attenuated Total 
Reflection (ATR) technique as shown in Figure 4.5.   
 
ATR is a sampling method that requires minimal or no sample preparation.  Solids, 
liquids, fibers and plastics, in addition to strongly absorbing materials, can be easily 
studied using the ATR crystal.  For example, the analysis of a consumer product using 
ATR distinguished calcium carbonate and calcium sulfate black-board chalk (139).   
 
The infrared beam is reflected through the crystal forming a standing wave between the 
crystal and the surface (air).   The sample placed onto the crystal attenuates the standing 
wave, resulting in an absorption (or transmission) spectrum of the sample (Figure 4.6).  
Less than 0.5 mL is required to cover the surface of the crystal to produce a spectrum 
(140-144).  ATR provides a portable and convenient method for sample introduction.  
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Quantitative IR liquid cell                       
 
ATR crystal assembly 
 
 
   
 
 
 
 
 
 
 
 
 
Figure 4.5: Comparison of a standard IR quantitative cell to a SPECTRA-TECH ATR 
crystal assembly 
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Figure 4.6: Infrared light entering ATR multibounce crystal, interaction with sample on 
surface occurs from standing wave formation 
 
 
4.2.3 Design of the GC and IR analysis 
 
 
Two experiments are described that were used to quantitatively determine limonene in 
Googone.   Limonene standards were prepared, with nonane as an internal standard and 
diluted with heptane.  Each standard requires approximately 15 minutes for GC 
analysis; in addition, for the sample of GooGone®, the GC needs to be heated by 
temperature ramping the oven (200 oC) for faster elution of higher boiling hydrocarbon 
components that are retained after the limonene elutes.  An experiment may take about 
1.5 to 2 hours if all standards and samples are only run once.      
 
With the same calibration samples from the GC analysis, a method to quantitate 
limonene was developed using an ATR-FTIR.  Each sample and standard can be 
measured in less then one minute, and is reproducible offering an important tool for 
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quantitative analysis.  Samples are removed from the crystal surface with a minimal 
amount of acetone and are air-dried rapidly.  A pipette bulb with a small tube can also 
be used to quickly remove excess solvents. 
 
The two instrumental techniques using GC and ATR-FTIR are described below.  A 
preliminary version of the student write-up for the ATR-FTIR technique can be found 
in Appendix E8.  Students can also perform the GC experiment from the material that 
follows. 
 
Materials 
 
 
R-(+) limonene, 99.3% (18,316-4), Heptane, 99+%, HPLC grade (27,051-2), and  
nonane, 99+%, (29,682-1) were obtained from Aldrich Chemical Company 
(Milwaukee, WI) and used as received.  Googone spot and stain remover was 
purchased from a local hardware store (Home Depot). 
 
 
Solutions 
 
A 19.40% limonene stock solution was prepared by adding 10.00 mL of limonene into 
a 50-mL volumetric flask, diluting to mark with heptane.  The working standards of 
0.794, 1.59, 2.38, 3.18 and 3.97% were prepared by diluting stock solution with 
heptane.  Prior to dilution, the internal standard was added to each standard to give a 
concentration of 4%.  The GooGone sample was prepared by diluting 3-mL of sample 
                                                 
8 Thermo-Nicolet, parent company of Thermo-Mattson, requested a write-up for incorporation into their 
manual that accompanies newly purchased instruments. 
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with heptane and nonane (as prepared above).  All solutions were prepared using 25-
mL volumetric flasks and pipettes (1 to 5 mL).  One standard should be prepared at a 
time to limit evaporation of solvents and should be refrigerated if storage is required.  
The calibration solutions prepared are used in both experimental procedures, for the gas 
chromatograph and ATR-FTIR.  
 
Method 1: Gas Chromatography 
 
Quantitative determination of limonene using GC is described. All standards and 
samples were analyzed on a Hewlett-Packard 5890 gas chromatograph with a split flow 
of 26 ml/min.  A 30m x 0.32 mm non-polar SPB-1 (Supelco, Bellefonte, PA) capillary 
column was used for all separations with a 0.25 µm film thickness.  Column flow rate 
was 4.6 ml/min.  The FID detector and injector were set at 250 oC, while the oven was 
set at 65 oC.  No temperature programming was used for calibration samples.  The 
Googone sample was run at 65 oC for 15 minutes until limonene elutes (tr=13.43), then 
ramped at 25o/min to 220 oC for 30 to 40 minutes to elute higher boiling point 
hydrocarbons.  Although limonene in the calibration solutions can elute faster using a 
higher temperature, the Googone will lose peak resolution at most temperatures above 
65 oC.  Data was sent to a Hewlett-Packard 3392A paper plotter where peak areas were 
calculated.  Internal standard calibration using nonane was performed to reduce the 
effects of injection volume variability and improve precision. Prior to analysis, the GC 
oven was set at 200 oC for at least 30 minutes in order remove any residual compounds 
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from previous analysis.  All samples were run in triplicate.  A typical chromatogram is 
shown in Figure 4.7. 
 
  
 
 
Figure 4.7: Typical gas chromatogram of a 0.5 µl injection of 3.18% limonene in heptane 
with nonane as the internal standard 
 
 
 
 
Method 2: ATR-FTIR  
 
A Thermo-Mattson Satellite 1000 FTIR (Fischer Scientific) was used for the 
spectroscopic studies.  The same calibration samples used in the GC analysis were 
analyzed on a ZnGe multibounce ATR crystal (SpectaTech Foundation Series HATR 
Kit).  Each spectrum consists of averaging 16 scans at 4 cm-1 resolution.  The carbon-
carbon double bond in limonene gave an IR absorption peak at 888 cm-1 (136,145), 
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where the peak area (902.52 cm-1 to 875.52 cm-1) was determined using WinFirst Lite 
software.  Quantitative analysis is easily performed by placing as little as 0.5 mL of 
sample onto the crystal. 
 
A background scan with heptane on the crystal is performed prior to analysis; this 
reduces much of the spectral clutter in the 850 to 900 cm-1 region where the limonene 
peak is analyzed.   A typical spectrum with heptane removed is shown in Figure 4.8. 
 
Limonene peak at 888 cm-1 
 
 
Figure 4.8: Typical ATR absorbance spectrum of limonene with heptane removed as 
background  
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4.2.4 Data Analysis and Results 
 
From the peak areas of the GC data, the quantitative determination of limonene was 
calculated using ratios of limonene to the internal standard, nonane.   Using the internal 
standard calibration method, the peak area (A) ratio versus concentration (C) ratio of 
limonene to internal standard yields the following equation to calculate the limonene 
concentration (60,137)  
 
 
bm +


=
IS
limonene
IS
limonene
C
C
A
A
 
 
 
 
however, given the equivalent concentration of internal standard in each sample, the 
equation is reduced to 
 
 
( ) bm += limonene
IS
limonene C
A
A
 
 
 
 
therefore a plot of peak area ratio versus concentration will yield the same result (146).  
Typical gas chromatograph (Figures 4.9) and FTIR (Figure 4.10) calibration curves are 
shown below (data in Appendix D). 
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Typical Gas Chromatography 
Calibration Curve for Limonene
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R2 = 0.9996
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
0 1 2 3 4 5
Concentration (Limonene % by vol.)
A l
im
on
en
e
/A
no
na
ne
 
 
Figure 4.9: GC calibration curve of limonene versus peak area ratio limonene/nonane.  
Each calibration sample run in triplicate.  Excellent precision, max standard 
deviation, 0.017 
 
 
Typical ATR-FTIR 
Calibration Curve for Limonene
y = 0.2732x + 0.015
R2 = 0.9993
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Figure 4.10: ATR-FTIR calibration curve.  Each sample an average of 16 scans, 4 cm-1 
resolution.  All samples run in triplicate.  Good precision, max. standard 
deviation, 0.045 mV 
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A comparison of the two instrumental techniques was performed.  The analysis of 
Googone is summarized in Table 4.1.  At the 95% confidence interval, the GC method 
resulted in a concentration of 9.32 ± 0.37% limonene, while the ATR-FTIR method 
yielded a 9.20 ± 0.44% limonene concentration. 
 
 
 
 
Table 4.1: GC and ATR-FTIR results for the analysis of limonene in 
Googone 
 
 
 
GooGone GC Analysis (%)a FTIR Analysis (%)a
Run 1 9.29 9.30
Run 2 9.19 9.00
Run 3 9.48 9.30
Average 9.32 9.20
Standard Dev 0.15 0.176
% RSDb 1.62 1.91  
aCalculated using linear regression analysis result with a 25/3 dilution factor 
bRSD is relative standard deviation, (σ/mean)*100 
 
 
 
 
 
The t-test is used to compare experimental data from two sets to identify if there is any 
significance in the differences of the means.  Since the test is to determine whether the 
GC and the ATR-FTIR method differ in their variance, a two-tailed test is used.  With 
tcalc<tcritical (.869<2.77) at the 95% confidence level, the null hypothesis is rejected, that 
is, there is no statistical difference between the two means.   
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4.3 ICE COOLED CONDENSER 
 
An ice cooled condenser, consisting of a jacket built around a tube open to the 
atmosphere with an outlet for removal of melting ice, is designed for use in academic 
laboratory classes.  The apparatus can be used in place of standard water cooled 
condensers in setups where refluxing or distillation is performed.  With this simple, 
inexpensive device there is no need for easy access to running water; potential flooding 
due to insecure tubing is no longer a problem.  The ice cooled accessory, produced with 
standard glass tubing and ground glass joints, is compatible with commercially 
available microscale or small scales kits.  The device may even be used with an 
Erlenmeyer flask and a stopper or cork.  Two experiments using ordinary household 
chemicals are suggested; one requiring refluxing and the other distillation.   
 
4.3.1 Background 
 
A variety of novel condensers have been described including a system where an 
internal fan is used to cool a spiral-condensing column (147).  The fan provides a 
constant flow of air across a region of the spiral condenser, allowing the vapors to re-
condense.  Another air-cooled system was demonstrated by placing a long bent tube 
connected with a silicon adapter to the reflux mixture (148).   The tube is out of plane 
from the heat source, which allows a localized region for vapors to condense. A 
“closed-source” water coolant system is described (149).  The system utilized two 
water condensers connected in parallel, one immersed in an ice bath, the other used for 
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reflux.  Another closed loop circulating system was designed to handle problems 
associated with long reflux times.  A copper coil is submerged into a water bath with a 
sump pump.  Warm water returns to the copper coil where ice can be added for 
additional cooling.  A modified distillation head was described that could be used to do 
reflux and distillation with one setup (150).  Cold-fingers have also been described for 
reflux experiments (22).    
 
4.3.1 Preparation of the Ice Cooled Condenser 
 
 
The ice cooled condenser is built using standard glass tubing as well as T$   14/20 or T$   
14/10 standard taper joints.  The device is compatible with any microscale or 
macroscale kits using T$   14/10 or T$   14/20 fittings.  Table 4.3 lists the various glass parts 
required to construct one ice-cooled condenser along with the location of each part in 
Figure 4.14.  The device is constructed using standard borosilicate glass.  The steps 
involved in making the ice-cooled condenser are outlined in Figure 4.11 and Figure 
4.12.  The inner section consists of the inner tube and support brace; the outer piece is 
the jacket and water outlet tube.  The two sections are fused together providing the final 
condenser. 
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Table 4.2: List of components for ice-cooled condenser 
 
 
 
Component Size 
Outer  
jacket 
8 in. X 51 mm 
o.d. 
Support 
bracket 
8 in. X 1.5 mm 
o.d. 
Inside  
tube 
9 in. X 12 mm 
o.d. 
Solid glass 
rod 
5 mm 
Outer 
 joint 
T$   14/20 or 14/10 
Inner  
joint 
T$   14/20 or 14/10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inner Section 
 
The outer joint is cut to a length of about 35 mm, then sealed to the 12 mm o.d. inner 
standard wall tubing and cut to a length of 155 mm (Figure 4.11a).  The end is “flare” 
cut.  The support brace, made of 5 mm o.d. solid glass rod, is attached first to the outer 
joint and then cut to a length of 25 mm  (Figure 4.11b).  The support bracket will be 
attached to the outer jacket, lending support, as ice is packed into the outer jacket.   
 
 
Outer Section 
 
The 8-inch segment of 51 mm standard glass tubing is sealed with a round bottom 
(Figure 4.12 – Outer jacket).  The open end is finished by “flaring”.  The flare at the top 
of the outer jacket makes a convenient funnel as ice is added.  The inner joint is cut to 
length of 35 mm (Figure 4.12).  A drip tip is cut at 45-degree angle.  
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Assembly of Parts 
 
The inner assembly is positioned inside the outer assembly, and then sealed at the 
bottom.  The inner joint is then sealed to the bottom; now the internal and external parts 
have been assembled.  While the assembly is still hot, a hole is blown in the outer 
jacket for the water outlet tube.  An 8 in x 1.5 mm tube is sealed to the outer jacket at a 
65-degree angle (See Figure 4.13-glass rod open).  The tube is cut to a length of 1 inch 
and its end glazed.  The inside brace is then sealed to the outer jacket adding additional 
support.  The entire system is then annealed, and then baked at 1040 oF.  The final ice-
cooled condenser is shown in Figure 4.13. 
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5 mm
Support rod
25 mm
Flared end
35 mm
14/20 Outer joint$
12 mm tubing
155 mm
 
                         a                                                  b             
 
Figure 4.11: Outer joint connection to inner tube, b) brace attachment for support 
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120 mm
51 mm
tubing Inner
joint
35 mm
 
 
 
Outer jacket                          Inner joint 
 
 
Figure 4.12: Ice cooled condenser construction 
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Outer joint
Outer  jacket
Support bracket
Glass rod (open)
Inside tube
Inner joint
Figure 4.13: Assembled ice-cooled condenser with side arm drain  
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4.4 EXPERIMENTS USING THE ICE COOLED CONDENSER 
 
 
Experiments using the ice cooled condenser and simple household materials are briefly 
described.   One requires distillation and the other reflux. 
 
A. Separation of acetone from nail polish remover 
 
 
Ice cooled condensers can be used in distillation setups (Figure 4.14).  The product 
chosen for distillation was an acetone-based nail polish remover which also contains 
water, dye, gelatin, fragrance, propylene carbonate, glycerol,  and the dimethyl esters of 
adipic, succinate, and glutaric acids.  The low boiling acetone (56 oC) is removed using 
a hot water bath as the heat source with the procedure below.  
Ice-cooled
condenser
  
Figure 4.14: Setup of an ice-cooled condenser for distillation experiment 
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A 25 mL volume of the nail polish remover was placed in a 100 mL distilling flask.  
Over a period of 30 minutes, 18 to 20 mL of clear liquid boiling at 55 – 57 0C was 
removed, leaving an oily residue in the distilling flask.  The original quantity of ice 
used to pack the condenser did not have to be replenished during the distillation.   
 
An IR spectrum of the distillate yielded a strong carbonyl absorption band at 1710 cm-1; 
a gas chromatograph has only a single peak.  Therefore, distillation of acetone from nail 
polish remover was successful using the ice-cooled condenser.  Although the amount of 
acetone in nail polish remover has not been verified through the company (proprietary), 
the 70% yield of acetone using Cutex® brand with the ice-condenser was a relatively 
close match to the 82% yield demonstrated by Clarke (151).  In Clarke’s analysis, 
however, there was no mention as to which brand of acetone based nail polish remover 
was used in the study.  A full version of the experiment used for the Drexel Science In 
Motion program can be found in the Appendix F.   
  
 
B. Synthesis of Ethyl Salicylate 
 
The ice cooled condenser may be used in experiments that involve refluxing such as the 
synthesis of ethyl salicylate from aspirin using household chemicals.  For the 2-hour 
esterification step, refluxing can be done in an Erlenmeyer flask placed on a hot plate 
with the ice cooled condenser inserted into a cork or stopper.  The following procedure 
is used: 
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In a 250 mL Erlenmeyer flask, 6.0 g dry salicylic acid with 12 mL 100% ethanol and 2-
3 boiling stones (or chips from a porous plate) are mixed.  Approximately 0.5 g boric 
acid is added to the reaction mixture and refluxed for a minimum of 1.5 hours.  
Although esterifying salicylic acid takes as long as six hours of reflux time, reasonable 
yields can be obtained in two hours.  Starting with 6 g of salicylic acid, refluxing for 
one hour gives less then 1 mL of ester product; 1.5 hours gives 2 – 2.5 mL; 2 hours 
gives 2.5-3 mL. 
 
During a 1.5 hour experiment, roughly 500 mL of water was collected from melting ice.  
In comparison, a moderate flow of water discharges several thousand liters of water 
using conventional reflux.  Thus, water is conserved using an ice cooled condenser. 
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CHAPTER 5: CHEMICAL SUBSTITUTION FOR OVERHEAD PROJECTOR 
 
 
5.1 INTRODUCTION 
 
 
Overhead projectors (OHP) provide the quickest, cheapest and easiest way to perform 
demonstrations that are visible to everyone in a large classroom.  Hubert Alyea 
invented the Tested Overhead Projector Series, or TOPS, experiments in which a 
specialized device was required to allow vertical projection (152,153).  Demonstrations 
using a horizontal stage on a standard overhead projector are much more convenient to 
perform.  The demonstrations described here use only a small amount of household 
chemicals, which practically eliminate safety concerns and waste disposal problems 
(154).  In addition, the chemicals needed are all readily accessible to anyone. 
 
Color changes, solubility, formation of gas bubbles, properties of light, evaporation rate 
and formation of a precipitate are among the many effects that project very well.  All 
chemicals used were selected from the Handbook of Household Chemicals, Tables 2.1 
and 2.2.   
  
DEMONSTRATIONS
   112
 
5.1.1 Beer’s Law 
 
The OHP can be used to demonstrate the  Beer-Lambert Law (A=εbc).  To observe the effect 
of path length, identical concentrations of food dyes (1 drop per 4 mL water) are poured into 
three different beakers using heights of 0.5, 1.0 and 1.5 cm.  The colors appear more intense 
to the eye as the path length increases (155). 
 
To see the effect of concentration, the path length is kept the same while using several 
different dilutions.  Other chemicals from Table 2.1 and 2.2, that are colored and 
water-soluble can be used for the demonstration, such as copper sulfate (root killer) or 
chlorophyll (plant extract). 
 
5.1.2 Spectroscopy on the OHP 
 
The OHP is turned into a visible spectrometer (156-158) by putting a square of diffraction 
grating over its lens to separate the light from the projector bulb into colors of the visible 
spectrum.   Project Star plastic diffraction grating is chosen because most of the light appears in 
the first order9.  The OHP stage is covered with an opaque housing that has two rectangular 
openings  (1.5 x 3 cm) to provide both a reference and sample beam. The grating is turned so 
                                                 
9 Diffraction grating purchased from: Project Star Learning Technologies Inc, 59 Walden St.,Cambridge, 
MA 02140; Catalog No: PS-08A  (5 in by 5 in) or PS-08B (6 ft x 5 in)  750 lines/mm. 
(http://www.starlab.com/pspl.html) 
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that the two visible spectra appear vertically (red at the top and violet at the bottom). Only 
partial darkening of the room should be needed.   
 
The color of a transparent film or a solution is compared with its absorption spectrum, which 
appears as a series of dark bands that remove segments of the visible light.   For instance, 
magenta viewed through the sample slit absorbs green and transmits red and violet.  A set of 
100 different colored plastic filters, made by sealing dye between two microscopically thin 
layers of clear film, can be purchased10.  Each filter is accompanied by its absorption spectrum.  
Commercial colored plastic wrap (3-5 layers) may be substituted.  
 
Solution spectra can also be projected on the OHP spectrometer.  For best results the bottom 
of the glass container must be as optically clear as possible.  Beakers will do, but Petri dishes 
are flatter and better.  Absorption bands of food colorings show up most clearly using 
solutions made by fourfold dilution of food dye with water.  A volume of 20 mL provides a 
path length of 0.5 cm in a 10-cm Petrie dish.   Observing the spectrum of a chlorophyll 
solution can be used to demonstrate how plants capture energy from the sun.  The green 
pigment is extracted from spinach (Section 2.2.5).  The strong absorption at 420 nm (Soret 
band) can be seen at a path length from 0.5 to 1 cm.  The peak in the red is too weak to see 
clearly.   
 
Green food dye and chlorophyll are used in a demonstration comparing two solutions that 
have a similar visual appearance; however, each possesses unique spectra.  The green food 
                                                 
10 Filter book of 100 colors purchased from Edmund Scientific, http://www.edsci.com,  stock number 
NT39-4317 
  
   114
dye has strong absorption bands around 400 to 440 nm (blue) and 600 to 640 (red), while 
chlorophyll has only one strong absorption band (420 nm). 
 
The Tyndall effect can be demonstrated on the OHP by scattering light from colloidal 
particles of milk.  The OHP is covered with cardboard containing a 1-2 cm hole cutout.  Milk 
is added to water dropwise until the color changes from yellow to red as colloidal particles 
form and blue light is scattered.  
 
5.1.3 Polarized light 
 
 
Squares of polarizing plastic can be crossed to demonstrate that “no” light is 
transmitted (actually very little light since the plastic is not 100% polarized material) 11.  
Students can be reminded that polarizing lenses in sunglasses are set to cut out 
horizontally polarized light because the glare-producing light reflected from the road or 
water surfaces is horizontally polarized.     
 
Chemical compounds that are optically active like sucrose  (table sugar) can be shown 
to rotate polarized light (159-161).  When a sucrose solution (45g/30mL) is placed in a 
50 mL beaker, a rainbow of light can be seen through as the polarizers are rotated.  
Hydrolyzing sucrose with the addition of HCl (32% muriatic acid) alters the rotation by 
appearance of different colors.  Other chemicals from the Handbook (Table 2.1 and 2.2) 
can also be used including D-glucose, D-fructose and Karo® corn syrup. 
                                                 
11 Polarizer film purchased from Edmund Scientific, http://www.edsci.com,  stock number NT45-668,  
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Limonene can also be used to demonstrate the rotation of polarized light (162).  There 
are several sources of limonene in household products.  Googone was found to contain 
roughly 10% limonene dissolved in alkanes, however this is just below the threshold to 
easily observe rotation of light.  The solution required 30% or more limonene to 
observe rotation of light.  Citrus fruits, however, contain up to 95% D-limonene in the 
oil contained within the rind.  The oil can be extracted with a garlic press.  If equipment 
is available, steam distillation and solvent extraction with petroleum ether can also be 
used (89,163).   
 
5.1.4 Adhesive and Cohesive Forces  
 
The behavior of water in contact with glass is compared to that of ethanol by placing a few 
drops of each of the liquids directly onto the OHP glass. The water drop is tight and stable 
since the attractive (cohesive) forces among water molecules are greater than those between 
the water and glass (adhesive) (164). The ethanol drop spreads out more because its 
intermolecular forces are weaker than those between the alcohol and glass.    
 
5.1.5 Boiling Point and Molar Mass 
 
Boiling points can be estimated by observing how fast liquids evaporate from the warm OHP 
stage. Two or more compounds with similar structures can be used to demonstrate how 
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intermolecular interactions increase with mass thus leading to higher boiling points.   A drop 
or two of each liquid is put directly on the OHP glass and evaporation rates compared 
(165,166).  For the difference in evaporation rate on the overhead stage to be obvious, the 
boiling temperatures must be at least ten degrees apart.   
 
Methanol (bp 65˚C and molar mass of 32) can be seen to evaporate before ethanol  (bp 78 ˚C 
and molar mass of 44).  Pentanes (Naphtha: bp 60-75 ˚C, molar mass 87-114) will evaporate 
quickly while tetradecane (bp 253 ˚C, molar mass 198) in ultrapure lamp oil (Lampfarms) will 
evaporate slowly.  Decane (bp 174 ˚C, molar mass 142) in regular lamp oil will evaporate 
between pentane and tetradecane.  The three alkanes can be placed on the OHP to show the 
effect of molar mass on the boiling point of a “homologous” series.   
 
The effect of hydrogen bonding on the boiling point of compounds can be demonstrated using 
chemicals (from Table 2.1 and 2.2) with similar molar masses.  Acetone has a molar mass of 
58 and a boiling point of 56 ˚C. Isopropyl alcohol has a molar mass of 60 and a boiling point 
of 82 0C.  The non-hydrogen bonded acetone evaporates quickly, while isopropyl alcohol 
evaporates at a slower rate.   
  
5.1.6 Solubility in Water 
 
The idea that “like dissolves like” is examined by testing the solubility of polar and nonpolar 
liquids in water (167-169).   Hydrocarbons, such as alkanes, are nonpolar and insoluble in 
water, appearing as globules when projected.   Soluble liquids simply mix with water, while 
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partially soluble materials will mix until the solution is saturated. Chemicals selected from the 
Handbook (Table 2.1 and 2.2) to demonstrate solubility are listed in Table 5.1.  Several 
liquids are infinitely soluble, while others are only partially soluble or completely insoluble.  
 
 
Table 5.1: Selected handbook chemicals for solubility demonstrations 
 
 
 
Compound Solubility in water 
Acetone ∞ 
Acetic acid ∞ 
Ethanol ∞ 
Ethylene glycol ∞ 
Glycerol ∞ 
Isopropanol ∞ 
Methanol ∞ 
Ethyl acetate 10 g / 100 g 
Methyl ethyl ketone 27 g / 100 g 
Decane (lamp oil) Insoluble 
Limonene Insoluble 
Pentane (Naptha) Insoluble 
Pinene Insoluble 
Tetradecane (Ultrapure lamp oil) Insoluble 
Toluene Insoluble 
Xylene Insoluble 
 
 
The demonstration is performed using a Petrie dish with 20 mL water (roughly 1 cm depth).  
A Pasteur pipette is placed parallel to the OHP on top of the dish.  The focus is set so that the 
tip of the pipette is clearly seen.  Liquids are added to water drop-wise.  Partially soluble 
solutions such as MEK or ethyl acetate may be best visualized by the appearance of “crawling 
legs” as the dish is tilted back and forth (164).   
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Students can be reminded of the importance of the environmental consequences regarding 
whether or not a substance is soluble.  For example, the anti-knock agent in gasoline, methyl-
tert-butylether (MTBE, CH3OC(CH3)3) is somewhat water-soluble ( about 4 g per 100 g 
water).  The dissolution of MTBE in ground water has created serious environmental 
problems that will require costly remediation.   
 
5.1.7 Chemical reactions 
 
 
Precipitate 
Two soluble salts are placed on opposite sides of a Petri dish containing water.  Peasized 
amounts of each solid are placed in the dish, as the ions diffuse throughout the solution, a 
precipitate forms when they meet.  MgCO3 (Ksp=10-5) is produced from Na2CO3 (washing 
soda) and MgSO4 (Epsom salts).  CaCO3 (Ksp=10-8) is produced from Na2CO3 and CaCl2 (ice 
remover).  Mg(OH)2 (Ksp=10-11) is produced from NaOH (lye) and MgSO4.  Cu(OH)2 is 
produced from NaOH and CuSO4 (root killer).  As each precipitate forms, light is scattered 
through the solution.   
 
Complex 
The formation of the deep blue copper (II) ammonia complex can be observed by OHP.  
NH3 (aq) is added dropwise to 5 mL of a 0.1 M CuSO4 solution.  The light blue copper sulfate 
solution begins to turn deep blue as the Cu(NH3)4+2 complex forms.   
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Activity Series 
Bubbles of hydrogen gas (H2) appear when certain metals react with 6M hydrochloric acid 
(20% muriatic acid) (77).  In addition to demonstrating typical behavior of some acids, this 
reaction can be used to compare metal reactivity and thus to create an activity series.  Similar 
amounts of Al, Zn, Fe and Cu are placed in acid, and then arranged according to their 
reactivity.  Al reacts most vigorously; then Zn followed by Fe.   Cu does not react.  
 
In addition to the activity series, rate and temperature can be demonstrated on the OHP using 
room temperature and an ice bath.  The effect on the reaction of Al with 6 M HCl is dramatic.  
Two 50 mL beakers each containing 10 mL of 6 M HCl are placed on the overhead (one in a 
Petri dish filled with ice).  A minute or two of chilling provides a 10 degree drop in 
temperature.  The Al added to the warmer acid disappears within 10 seconds while that in the 
chilled acid barely reacts.   
 
 
Effect of temperature on reaction rate of Al with HCl 
              Time (min) 
     20-22 ˚C  8-10 ˚C 
Onset of bubbling   0.25   4  
Vigorous bubbling   1-2   6-7  
Metal to disappear   2.5   8  
 
Limiting reagent 
The principle of a limiting reagent can be demonstrated using an excess of aluminum metal 
and a solution of copper sulfate (or copper chloride). 0.27 g of Al foil (0.010 mol) is added to 
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a solution of 0.75 g CuSO4 (0.003 mol) in 30 mL water.  After about 5 minutes copper metal 
is visible as opaque specks.  After 15 minutes the blue color of Cu(II) is gone, while pieces of 
Al remain.   
 
Formation of gases 
Gases can be generated and stored in an airtight syringe.  A vial cap is filled with the solid 
reagent to generate about 50 mL of gas.  The reagent is placed into the syringe and the plunger 
is inserted.  An aqueous reagent is drawn into the syringe and the latex cap is placed on the 
end to stop the liquid (or gas) from escaping.  The syringe plunger rises as the gas forms.  
Excess liquid reagent is removed by inverting the syringe, removing the cap, then turning the 
assembly to discharge excess liquid.   
The formation of some gases is described. 
 
Gas   Reagents         
CO2  Alkaseltzer + water 
  NaHCO3 + HCl (aq) 
  Na2CO3 + HCl (aq) 
 
SO2  NaHSO3 + HCl (aq) 
 
 
Cl2  HCl (aq) + NaClO (aq) 
 
H2  granulated Zn + HCl 
 
 
 
Red cabbage indicator (cyanidin) is used to detect the presence of SO2.  The gas is bubbled 
through an aqueous solution of indicator, or diffused by placing the reagents as described 
above in a 10 mL beaker.  The beaker is placed in a Petri dish with water and indicator.  A 
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large beaker is used to cover the Petri dish to assure that the gases generated do not escape 
into the atmosphere.  As the SO2 diffuses to the dish, the anthocyanin begins to decolorize.     
 
Sublimation 
Sublimation can be demonstrated using iodine and ethanol.  Iodine is isolated by placing a 
large watch glass with ice over a beaker with tincture of iodine.  The solution is heated, 
forming violet iodine vapor.  Crystals of iodine collect on the bottom of the cold watch glass. 
The sublimation demonstration requires a 10 mL beaker, 250 mL beaker and a watch glass.  A 
few crystals of iodine are placed in the 10 mL beaker, which is then placed inside the 250 mL 
beaker containing 1 to 2 cm of ethanol.  A watch glass is placed on top of the 250 mL beaker.  
The color of iodine develops in the ethanol within minutes.   
 
Crystallization 
Crystallization from a supersaturated solution can be shown on an OHP using sodium acetate 
(prepared in Chapter 2).  A seed crystal (about 1-3 mm) is added to a supersaturated solution  
(35 g NaAc-3H2O in 20 mL H20).  Large needles grow within a few seconds.   
 
Electrochemistry 
A solution is poured in a Petri dish (1 cm depth).  Using either lead contained inside battery 
electrodes (or paper clips) as electrical leads connected to a 9V battery, the anode (+) is 
immersed into the solution, while the cathode (-) is placed only to touch the surface.  Crystals 
will rapidly grow at the cathode, while gases form at the anode.  Zn form small crystals (from 
ZnSO4) until the electrode is coated. 
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5.1.8 Measuring pH 
 
Concentrated red cabbage extract gives vivid colors for the pH ranges: 1-3 (red), 4-6 (pink),  7 
(violet), 8 (blue), 9 (blue-green), 10-12 (green) and > 12 yellow.   The volume of indicator 
needed to produce sufficiently bright color for the OHP is about one drop per one mL of test 
solution. Among the common household products to test are vinegar (pH 2-3), baking soda 
(pH 8), washing soda (pH 9) , ammonia (pH 11-12), and lye (pH >12).  
 
Strong vs. Weak Acids  (or Bases) 
 
The pH values for the same concentrations of hydrochloric (strong) and acetic acid (weak) are 
compared using red cabbage indicator.  Muriatic acid (20% HCl) is diluted 500 to 1, and 
vinegar 100 to 1 to prepare 0.01M solutions of both acids.  The strong acid, HCl, has a pH of 
2 (red) compared to the weak acetic acid with pH between 3 and 4 (pink).    Likewise 0.01 M 
solutions are prepared for the strong NaOH (100 fold dilution of a 1M or 4% solution) and the 
weak NH3 (100 fold dilution of the cleaning product).   The NaOH has a pH of 12  (yellow) 
compared to 11 (green) for the same concentration of the weak base, NH3. 
 
 
pH of salt solutions 
 
Sodium acetate, ammonium chloride and trisodium phosphate (TSP) are each salts of 
weak acids or bases.  The synthesis of the first two has been described in Chapter 2.  
TSP is available in most hardware stores.   The demonstration can be used to show how 
salts are not necessarily neutral.  Students can be asked to predict the pH of selected 
salts.  1 M solutions of sodium acetate and TSP (alkaline) produce a blue / green 
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solution, while a 1M solution of ammonium chloride (acidic) will give a red-violet 
color.   
   
Buffer Action   
 
Buffer action can be demonstrated on the OHP. Adding about 4 g NaOH to 200 mL vinegar is 
an easy way to prepare 1M acetic acid/sodium acetate buffer solution which has a pH of 4.8. 
When compared to plain water, the behavior of this solution upon addition of strong acid or 
base (0.1M made by diluting 20% muriatic acid 50 to 1) is dramatic:   
 
To perform the demonstration three beakers are placed on the OHP, one blank containing 
water and two with buffer.  Red cabbage indicator is added.  A few drops of 0.1M HCl are 
placed in the water sample and in the buffer.  The pH of the water plummets several units, 
changing the color from violet to red.  The pH decrease of the buffer is so small that it appears 
unchanged from the original violet color.  With the addition of a base such as 0.1 M NaOH, 
the pH of the plain water increases several units turning the indicator from neutral violet to 
greenish blue. Once again, the violet color of the buffer changes imperceptibly when the 
NaOH is added.  
 
Trisodium phosphate (TSP) can also be used.  In this demonstration, 2 g of TSP is added to 
100 mL of water.  Red cabbage indicator is added.  The pH is adjusted to 7 (violet color) with 
the addition of a few drops of phosphoric acid.   Three beakers are placed on the OHP stage 
with 20 mL of water added to one, and 20 mL of the buffer is added to the others.  All three 
solutions are violet with red cabbage indicator.  The addition of acid and base to the buffer 
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solutions show no appreciable change in color, however the water changes red or 
green/yellow with the addition of one drop of acid or base.    
 
Acid-Base titrations 
A titration can be performed on the OHP using red cabbage indicator.  Two beakers are 
placed side-by-side (one for titration and the other to visualize the endpoint).  Since the 
color change is gradual, it is easier to start with NaOH in the beaker on the stage with 
indicator (green to violet- versus red to violet).  Both NaOH and HCl are 0.1 M.  Add 2 
mL of base sample (unknown) to one beaker using a dropper or Pasteur pipette, for 
which the number of drops per mL delivered is known (usually around 20 drops / mL).  
Two mL of water is added to the other beaker.  Add 5 drops of red cabbage to both 
beakers.  Add 0.10 M HCl to the unknown NaOH gradually.  The color will change 
from green/yellow to blue to violet to red.  When the sample color is similar to the 
violet water control, the endpoint has been reached.  The calculation can be done in 
drops to find the concentration of acid.    
 
 
  
   125
CHAPTER 6: CONCLUSIONS 
 
6.1 SUMMARY 
 
The use of chemical substitution in a series of experiments and demonstrations has been 
described.  The experiments and demonstrations were developed to provide a cost 
effective alternative to traditional experiments by substituting readily available 
household materials for hazardous and/or expensive chemicals.  Minimal amounts of 
chemicals are used to reduce waste.   
 
In Chapter 2, the Handbook of Household Chemicals was introduced.  The chemicals 
are readily obtained, isolated or synthesized from consumer products.  The Handbook 
includes physical properties gathered from resources such as the Merck Index and the 
CRC Handbook of Chemistry and Physics.  Information contained in the Household 
Handbook is used to help develop experiments. 
 
In Chapter 3, analytical experiments (qualitative and quantitative) are discussed using 
readily available materials and chemicals from the Handbook.  Students evaluated lab 
protocols for the qualitative analysis experiments.  The quantitative analysis of 
cadmium in Electrostart® battery additive was designed but not evaluated since the 
product was removed from the market in 1999.   
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In Chapter 4, chemical substitution is applied to upper level laboratory experiments  
Both GC and FTIR are used to determine the concentration of limonene contained in an 
adhesive remover.  The use of multiple instruments for analysis of a single analyte is a 
useful addition  to the analytical instrumental curriculum. 
 
In Chapter 5 chemical substitution is used to make OHP demonstrations safer, cheaper 
and accessible to anyone with a projector.  The demonstrations are useful to illustrate 
many topics in chemistry that are easily seen by everyone in a large classroom. 
 
Experiments and demonstrations using household chemicals offers an advantage to 
educators by providing materials that are low cost, easily accessible and reduces the use 
of hazardous materials and waste disposal problems.  The experiments and 
demonstrations are more interesting to students since they see familiar products used to 
illustrate concepts taught in the classroom. 
 
6.2 EVALUATION: ATTITUDINAL STUDY 
 
There is no single, universally accepted definition of attitude.  In 1932, Likert 
developed a summative rating scale (Likert scale), which is commonly used to measure 
tendency. The Likert assessment scale was used to evaluate students attitudes toward 
laboratory experiments with 5 (loved it) to 1 (hated it).  Students were asked to assess 
each of the seven lab experiments. 
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 The survey was included as part of a two-hour final examination for general chemistry.  
The students’ responses were used to find out whether experiments using household 
chemicals were more popular then the other experiments.   
 
Opscan forms were scanned, electronic data recovered and imported into an Excel 
spreadsheet.  Descriptions of the lab experiments and students responses toward each 
are given in Table 6.1 and Table 6.2.  A total of 187 students took the final exam and 
less then 5% of students did not respond to the survey or did not answer at all.  Figure 
6.1 breaks down student attitudes for each experiment. 
 
Table 6.1: Experiments surveyed in general chemistry for science majors, 
spring 2002 
 
 
EXPERIMENT DESCRIPTION 
Aldehydes and Ketones Identification of aldehydes and ketones 
Ethyl Salicylate* Convert aspirin to ethyl salicylate 
14 Solids* Qualitative analysis of 14 white household solids 
Lactose Titration to determine lactose in milk 
Amino acids Paper chromatography to identify amino acids 
12 Liquids* Qualitative analysis of 12 household liquids 
Kinetics Rate of hydrolysisof t-butyl chloride 
* Experiments designed with household chemicals
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Table 6.2: Students’ response to survey  (N=187) 
 
            
   Number of student responses    
5 2 1 
Lab Experiment 
  Loved it   Hated it
42 53 
 
   
4 3 
    
Mean 
Qualitative Analysis of 12 
Household Liquids 37 30 22 3.23 
Synthesis of Ethyl Salicylate 27 50 56 36 15 3.21 
Aldehydes and Ketones 13 42 93 26 10 3.12 
Qualitative Analysis of 14 
Household Solids 28 43 56 34 23 3.10 
Lactose 19 43 75 32 15 3.10 
Amino Acids 13 46 70 38 15 3.02 
Kinetics 15 39 63 37 24 2.91 
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Student response on each lab
0% 10% 20% 30% 40% 50% 60%
Kinetics
Household Liquids
Lactose
Amino Acids
Household Solids
Ethyl Salicylate
Aldehydes and Ketones
Response Percentages
A-Loved it
B
C
D
E-Hated it
 
 
Figure 6.1: Overall student responses to lab attitude survey 
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From Table 6.2, it can be seen that the responses for experiments using household 
chemicals in laboratory experiments ranked near the top of most liked by students.    
More then 25 students loved the “household chemistry” labs, while the traditional labs 
had less then 15 students who loved the lab.   
 
The results suggest that experiments using household products motivated students who 
found them interesting.  In evaluating written comments, students who found chemistry 
uninteresting, often commented that they enjoyed labs with household products.  One 
student commented, “ I normally only watch my lab partner perform the labs, however 
in qualitative experiments I got to participate”.  The experiments that use household 
chemicals also helped relate chemistry to everyday items as one students pointed out, 
“It gave me a better feel for the household products I use every day.  Helps to know 
what products contain and do what.  It was also more fun because we could relate these 
chemical reactions to everyday items”.    Experiments using household materials help 
to make the overall laboratory experience enjoyable and provide these advantages to 
the chemistry curriculum, for household materials: 
 
1. Are inexpensive compared to reagent grade materials 
2. Are easily available in local stores for instructors without access to chemical 
suppliers 
3. Reduce problems with safety and waste disposal 
4. Provide incentive for students to participate 
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6.3 FUTURE WORK 
 
Household chemicals in experiments and demonstrations help instructors to prepare 
new material where safety concerns, cost and waste management are a concern.  
Develop more experiments using ordinary materials has worldwide applications, 
especially where institutions lack financial means to acquire chemicals.  
 
Several goals in continuing this work are outlined below. 
 
1. Increase entries in the Handbook of Household Chemicals 
2. Apply chemical substitution to more experiments in general 
chemistry and other courses. 
3. Create a comprehensive manual of demonstrations and experiments. 
 
The Handbook of Household Chemicals provides a useful resource for instructors to 
identify, obtain and develop experiments using household chemicals.  Continuing to 
synthesize new compounds from readily available materials will offer an increased 
selection of chemicals to use in experiments.  Other sources could be added (such as 
internet) which can be included in additional volumes of the Handbook. 
Experiments that are currently in a chemistry curriculum could be modified by 
chemical substitution.  They can be made cost effective by simply replacing existing 
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materials with readily available household chemicals or eliminating costly equipment.  
For example, the analysis of limonene in Googone spot and stain remover has been 
described using instrumentation.  A lab write-up using ATR-FTIR is in process of 
being submitted to Thermo-Mattson.  Further development of this experiment could 
provide a quantitative determination without the use of instrumentation, for example, 
using only density measurements.    
 
Finally, a compendium of published experiments and demonstrations’ using household 
chemicals is in progress of being organized.  The manuscript includes experiments that 
only use simple materials and equipment providing valuable resource for many 
educators.  Sections could be included that offer upper level experiments that require 
instrumentation.   
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APPENDIX A: CHEMICAL STRUCTURES 
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APPENDIX B: LABORATORY DIRECTIONS: QUALITATIVE ANALYSIS OF 
14 SOLIDS AND TWO MIXTURES  
 
The following outlines the guidelines for both students and instructors.   All procedures 
can be done with the simplest of equipment.  Amounts of solids are measured 
volumetrically and heat is supplied by contact with hot tap water.  The use of household 
chemicals reduces waste disposal problems while making the experiment suitable for a 
laboratory exercise in a long distance learning course12.  This experiment can be adapted 
for many levels of instruction.  In middle school only the safer tests are included; in 
honors general chemistry students can be asked to design an analysis scheme for the 14 
unknowns.  It is possible to complete the entire experiment in two hours, perhaps 3 hours 
if students work with mixtures. 
 
The lab procedure has been tested both in Drexel University and North Carolina State 
freshman laboratories.  Students working in groups of two or three each offer assistance 
to complete the testing of known compounds and unknowns.  The detailed instructions 
are discussed, and also available online, that includes amounts of material needed for 
each group of 20 students13. 
 
                                                 
12 Almost all of the chemicals in the experiment are safe-sink disposal, with the exception of the solution 
mixed with copper sulfate (root killer) and iodine-starch complex.  Check state and local regulations for 
proper disposal of all chemicals.  
 
13  http://jchemed.chem.wisc.edu/Journal/Issues/2001/Nov/abs1475.html; November issue Journal of 
Chemical Education, online subscription required. 
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Students are asked to identify unknown compounds or mixtures by observing its physical 
and chemical properties.  Tests are performed on known substances, then one or more 
unknowns and/or mixtures to identify.  Flowcharts such as the one shown in Figure 3.1 
are used to describe the steps in the qualitative analysis scheme. 
 
Preparation of Reagents 
 
All reagents are prepared from household chemicals and used as received.  Tap water or 
bottled water was also used. 
 
pH Indicator 
 
One large head of red cabbage was obtained from local grocery food market.  70% (or 
91%) isopropyl rubbing alcohol was obtained from local grocery or pharmacy and used 
as received (Philadelphia, PA, USA).   
 
Extraction 
 
Cyanidin is extracted from red cabbage using water or 70% isopropyl alcohol.  For 
household use or locations with improper ventilation, water is recommended unless an 
outdoor source of heat is used (bar-b-que grill), in order to avoid isopropyl alcohol 
vapors.  Using alcohol, however, produced a much longer lasting indicator (over 6 weeks 
in comparison to less then 1 week with water).  About 500 grams of red cabbage (½ of a 
large head) is chopped, avoiding the white core, and placed into a large beaker or pot.  To 
this, 1 liter of rubbing alcohol (or water) is added and boiled vigorously for one hour.  
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The solution is filtered and reduced to 100 mL.  This produces the final dark purple 
indicator used for the experiments. 
 
Copper Reduction Powder 
 
Copper sulfate pentahydrate (root killer), sodium hydroxide (lye), sodium carbonate 
(washing soda), and sodium chloride (salt) were all purchased from local grocery stores 
and used as received (Philadelphia, PA, USA). 
 
Clinitest® copper reduction tablets are becoming increasingly more difficult to obtain 
readily, may be available in local pharmacies.  They contain by mass 1 part copper 
sulfate, 12 parts sodium hydroxide, 4 parts sodium carbonate and 15 parts citric acid.   
A powdered mixture using household ingredients will do just as well: 1 part copper 
sulfate from root-killing products, 12 parts sodium hydroxide from lye, 4 parts sodium 
carbonate from Arm & Hammer washing soda, and 15 parts sodium chloride instead of 
citric acid. Citric acid is present to react with the alkaline components supplying heat to 
speed up the red-ox reaction (170).  Since the reaction will be fast enough without 
added heat, sodium chloride is used as filler in place of the citric acid.  The solid 
mixture should be stored in a foil-covered bottle to protect it from light and should be 
kept away from excessive heat.  A spatula tip of the powdered mixture replaces about 
half a commercial copper reduction tablet. 
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Sodium Hydroxide Solution 
 
The solution used in this scheme was made by mixing 10 grams of solid sodium 
hydroxide with 100 mL of water  (producing a concentration of   roughly 2.5 M).  
 
 
Hydrochloric Acid Solution   
 
Hydrochloric or muriatic acid is found in concentrations of 20% (about 6M) and 32%.  
The 20% HCl is fine for all tests and is safer to handle.       
 
Equipment and Chemical Requirements  
 
The quantities given in the two tables below are sufficient for about 20 students working 
in pairs.  The tests require no more than a few test tubes, an eyedropper, and a spatula or 
measuring spoon.  Test tube racks and plastic wash bottles are handy, but not essential. 
Students should store the test reagents in their own vials or test tubes to avoid 
contamination. A list of materials required for the experiment is provided (Table B.1) 
along with chemicals (Table B.2), and reagents (Table B.3) including their sources. 
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Table  B.1: Qualitative analysis of 14 white solid material requirements for class of 20 
students 
 
 
Item Amount           Comments 
Disposable Pipettes 20-50  Eye droppers are okay.   Remind students to wash  
them thoroughly when reusing pipettes or droppers.  
Disposable Pipette 
Bulbs 
10 - 20   
Test tubes 40 - 80 Calibration in Part 1, Preparation of Materials, was done 
with  Pyrex No. 9820 (12.5 cm x 15 mm)   
Test tube rack 10 Very handy to have.  
Test tube brushes 5-10   
Spoon spatulas 25 (or more) Enough for each dispensing container 
and one for each pair of students.  
Plastic wash bottles 10 Useful for dispensing water 
Gloves 20 pairs   
20 mL Vials 20 - 40 For students to store reagents such as alcohol, indicator, 
NaOH(aq) and vinegar.  If enough test tubes are available 
they can be used instead. 
1 dram vial dozens   For duplicated unknowns so 2 identical unknowns can 
be distributed without the students’ knowledge 
Funnel  10   
Filter paper   Paper towels may be used. 
Ruler  10 For calibrating test tubes. 
 
 
 
The chemicals are all available as household products. If chemicals are dispensed from a 
beaker or other container, the original boxes or bottles should be displayed to remind 
students that these are all everyday products.  The amounts below are generous enough to 
allow 10 pairs of students to perform every test if they wish.  
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Table B.2: Qualitative analysis of 14 white solid chemical requirements for one class of 20 students 
 
 
Chemical 
 
Amount          Comments 
Sodium chloride 50 g Plain (uniodized) table salt 
Sodium bicarbonate 50  g Baking soda  
Sodium carbonate 50 g Washing soda.  Generic brands may not contain enough 
sodium carbonate. Arm and Hammer®  brand  is best.  
Sodium hydroxide 50 g Drain opener  (lye) 
Sodium borate 50 g Borax laundry additive 
Boric acid 50 g Antifungal 
Calcium sulfate 50 g Plaster of Paris 
Calcium carbonate 50 g 
 
Crushed and powdered white chalk or calcium supplement 
tablets. Chalk could be used for the knowns and the 
calcium carbonate tablets in unknowns.  
Copper sulfate 
pentahydrate 
10 g Root killer ; brands such as ROEBIC®, ROOTO, and 
ROOT KILL or any root killer product that contains 99% 
crystalline copper sulfate pentahydrate is fine. 
Cornstarch 50 g Any brand   
Fructose 15 packets Fruit sugar. The Estee® brand comes in individual  
packets, one packet is for each pair of students and the rest 
for unknowns.  
Glucose 1 box  Tablets; May be used instead of fructose. 
Sucrose 50 g Table sugar 
Magnesium sulfate 50 g Epsom salts 
Isopropyl alcohol (70%) 1 L Rubbing alcohol. Display one product bottle even if you 
make this from pure i-propyl alcohol (for extracting 
anthocyanin) 
Iodine 5-10  bottles Tincture of iodine 
Vinegar 200 mL White vinegar. Generic brand is fine. 
20% Hydrochloric Acid 200 mL The 20% muriatic acid can be used in testing for MSG;  
the 30-32% muriatic acid reacts faster, but is more 
dangerous to handle.  
Potassium acid tartrate 50 g Cream of tartar  
Monosodium glutamate 100 g Flavor enhancer  
Copper reduction tablets 10 or 20 Clinitest® brand; Used by diabetics to monitor glucose in 
urine, these should be available in most  pharmacies. 
Antacid tablets 20 TUMS® contain calcium carbonate and sucrose.  Most 
generic brands replace the sucrose with fructose or 
dextrose. 
Baking powder  50 g any brand with cornstarch and baking soda such as 
Rumford® and Calumet®  
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Table B.3: Sources of reagents for qualitative analysis of 14 household 
solids lab 
 
 
 
Reagent Source 
Hydrochloric acid 20% or 32.5 % muriatic acid 
Iodine tincture of iodine 
Anthocyanin red cabbage extract 
5% Acetic acid vinegar 
Cu2+  (CuSO4) root killer  
 
 
 
Variations   
 
This experiment can be adapted for many different levels of instruction. 
 
Scheme for Middle School Students 
 
A simplified analytical scheme that is suitable for middle school includes 8 unknowns, 
calcium carbonate, cornstarch, calcium sulfate, sodium chloride, sodium carbonate, 
sodium bicarbonate, boric acid and borax.  This eliminates the use of NaOH (aq), copper 
reduction tablets (mixture), any HCl (aq), and even hot water. 
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Advanced Students 
 
Requiring students to design an identification scheme such as the one described here is a 
worthwhile project for students with a good background in college level general 
chemistry and some beginning organic and biochemistry. 
 
Experimental Protocol: Students Laboratory Guide  
 
Tests involved in the analysis scheme are described below. Before attempting to identify 
an unknown, it may be necessary to observe each of the tests on at a known, which gives 
a positive result.  It is not necessary to try every test on every known, however, some are 
more difficult to detect than others such as the starch-iodine and copper reduction tests as 
well as the comparison of solubility of salt versus sugar in hot and cold water.  Be sure 
the test tubes are clean. If the first test is solubility then continue with the next test in the 
same test tube.  Results are entered on Data Sheet 1 as indicated. 
 
Test Tube Calibration 
 
All measurements are done volumetrically so that a balance is 
unnecessary.  The calibration of a test tube is easily done by 
measuring distance from the bottom of a test tube.  The numbers in 
the figure shown are for a tube that is 15.0 cm in length and 18 mm 
in diameter.  If your test tubes are different, you can develop your 
own calibration procedure by using a graduated cylinder and measuring the distance of 
several one mL additions of a liquid.   
5mL
10 mL
1mL
30 mm
55 mm
10 mm
20 mm 3mL
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Water Solubility 
 
To test  a compound for solubility in water put an amount which is the size of a small pea  
(about 1/8th of a standard teaspoon) in a test tube. Add about  5 mL of water.  Shake the 
test tube and see if a  solution forms. Slightly soluble solids are included in the insoluble 
category  (Insol to 0.6 g/100 mL). The soluble solids all have solubilities > 6 g/ 100 mL.  
There may be a little residue remaining for some of the soluble compounds (borax, for 
instance) but you should be able to see easily which are insoluble.  You may continue 
testing the mixture or the solution from the solubility test.  
Note:  Be sure you have added enough of the solid, otherwise it may seem to dissolve 
when it is only slightly soluble, for example potassium bitartrate. 
 
Iodine Test  
 
Amylose, a component of starch, reacts with iodine, to form a deep blue complex, known 
as the starch-iodine complex which forms as iodine molecules fit within the spiral 
structure of coiled amylose molecules. 
 
To be sure you recognize the blue complex, try the iodine (I2) test with both cornstarch 
and calcium sulfate.  Use the same amounts of solid and water as in Step 1.  Add  two 
drops of tincture of iodine to each test tube, wash them down with a little water, and mix 
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with contents of test tube. Observe any color change.  Note that colors ranging from 
yellowish to purplish are the typical color of iodine and is not a positive test.  
pH with Anthocyanin   
 
The pH indicator, derived from red cabbage, is an excellent universal indicator.  The 
typical colors for pH ranges are:  
 
 1-3 (red), 4 (pink), 5-6 (violet-pink)  7 (violet)  8 (blue)  
  9 (blue-green) , 10-12  (green-blue), >12(yellow green) 
 
Add a few drops of the anthocyanin reagent to 5 mL water to use as a neutral blank. 
Placing a white paper behind the test tubes makes the colors easier to distinguish from 
one another. 
Note:  Although sodium borate, salt of a strong base and weak acid, attains a pH around 9 
to 9.5 in aqueous solutions, the typical blue-green color is not seen.  Instead sodium 
borate forms a borate ester with anthocyanin, which looks like grayish (see Appendix D) 
Note:  If you are not sure about the blue of sodium bicarbonate or baking soda, try the 
vinegar test to see if bubbles form.  See Vinegar below. 
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Vinegar 
 
Evolution of CO2: Carbonates or bicarbonate evolve carbon dioxide gas upon reaction 
with acids, such as vinegar.  Either the aqueous solution or slurry from the solubility test, 
or a small amount of the solid can be used with the addition of 1/2 to 1 mL of vinegar.  
Note: There may be a small amount of bubbling upon adding vinegar to CaSO4 due to a 
little carbonate impurity in Plaster of Paris.  However, it is clearly different from the 
much more vigorous bubbling when vinegar is added to a carbonate such as CaCO3.  
 
NaOH 
 
The addition of NaOH solution to magnesium sulfate produces a white precipitate. Add 
about 1 mL of the 1-2% NaOH solution to the magnesium sulfate solution.  (Ksp 
Mg(OH)2 ≈10-11) 
 
: Use gloves when you handle the NaOH solution since it is caustic and will 
cause your skin to burn.     
 
Cu(II) 
 
An oxidation-reduction reaction is used to test for fructose (or glucose). Copper(II) ion, 
an oxidizing agent,  reacts with reducing sugars to form a mixture that may range in color 
from orange to red to brown.  
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Both fructose and glucose (dextrose)  act as reducing agents. Sucrose is not a reducing 
sugar and thus does not react.    The copper reduction tablets used in this experiment 
contain copper(II) sulfate, CuSO4,  sodium  hydroxide, sodium carbonate and citric acid.  
The powder is the same, except that the citric acid is replaced with NaCl.  . Add one half 
of a copper reduction tablet or a spatula tip of copper reduction powder to the fructose (or 
dextrose) solution and mix by shaking test tube. This test may take a minute or two.  If 
needed, you can try adding some more copper reduction mixture or tablet.  Repeat with 
sucrose.  The positive test is reddish; negative is blue.
: Be careful when handling the copper reduction tablets or powder, which 
contain caustic NaOH that burns skin. 
 
10% HCl  
 
Potassium bitartrate is only very slightly soluble in water, but when treated with 10% HCl 
is converted to tartaric acid, which dissolves easily. 
20% HCl   
 
The very water-soluble monosodium glutamate at low pH  is converted to glutamic acid, 
which is much less water-soluble (less than 1 g per 100 mL) and thus will not be 
completely dissolved. Start with enough MSG to cover the bottom of the test tube for this 
test. 
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Note:  The positive test is easier to detect with 32% HCl. 
: Be very careful when handling 32% HCl. 
 
Hot Water 
 
The addition of hot water is used to distinguish sucrose from salt.  Add 1 mL of sodium 
chloride to 5 mL of water.  Heat by running hot tap water over the test tube. Repeat with 
sucrose and observe any difference.   
: Do not use taste to distinguish these.   
 
Identifying Unknowns - Single Compounds 
 
If an unknown is given as a single compound, follow the flow chart, starting with the test 
for water solubility. If the compound is not water-soluble continue with the iodine test.  If 
the compound is water soluble, try the pH test.  Use new samples when needed.  For 
example, after adding the anthocyanin, the sample will be colored violet, and the results 
of the copper reduction test would not be seen.  Continue as needed down the flow chart 
until the identity of the unknown is confirmed. Results are entered on Data Sheet 2 
(Appendix C). Record any additional observations in the space provided. 
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Identifying Unknowns - Mixtures 
 
For mixtures (including crushed tablets) combine about 2-3 mL solid powder (or 1 tablet) 
with 10 mL water, which should allow you to perform as many tests as you need.   Filter 
to separate the insoluble component. Divide the solution remaining into enough portions 
to perform multiple tests as needed. Analyze both the insoluble and soluble components. 
Note:  The two soluble compounds that appear at the bottom of the flow chart can be 
detected using a candle flame.  Place some of the solution in a spoon spatula and heat 
until much of the water boils away. The burning sugar is easily noted by its odor.   The 
salt gives a yellow sodium flame. 
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Data and Results (14 Household Compounds/2Mixtures) 
Name & Lab Section ______________________________ Date ___________ 
 
Data Sheet for Knowns:  Note that you need not perform tests on every known, so all the boxes may not 
be filled in the table below.  (Use any symbol that you like, such as + for positive or – for negative or write 
the color for pH, etc. 
Knowns Molecular 
Formula 
Sol  
in 
Water
Iodine 
test 
pH 
(color)
Vinegar NaOH Cu(II) 
 
10% 
HCl 
20%
HCl
Hot 
water
Boric acid 
 
H3BO3   
Calcium carbonate 
 
CaCO3   
Calcium sulfate 
 
CaSO4   
Cornstarch 
 
Polymer of 
glucose  
  
Fructose/Glucose 
 
C6H12O6   
Magnesium sulfate 
 
MgSO4·7H2O   
Monosodium 
glutamate (MSG) 
C5H8NNaO4·H20   
Potassium 
bitartrate 
 
KHC4H4O6   
Sodium 
bicarbonate 
 
NaHCO3   
Sodium borate 
 
NaB4O7   
Sodium carbonate 
 
Na2CO3   
Sodium chloride 
 
NaCl   
Sodium hydroxide 
 
NaOH   
Sucrose 
 
C12H22O11   
  
Additional Observations:  
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Data and Results (14 Household Compounds/2Mixtures) 
Name & Lab Section ______________________________ Date ___________ 
Data Sheet for Unknowns (Use any symbol you like, such as + for positive or – for negative; for pH give 
the color produced, etc). Use a row for each unknown or mixture assigned. 
 
Unknown(s) Sol in 
Water  
Iodine 
test 
pH 
(color) 
Vinegar NaOH Cu(II) 
 
10%  
HCl 
20% 
HCl 
Hot 
water 
 Unknown
#  1 
 
   
#  2 
 
   
#  3 
 
   
#  4 
 
   
#  5 
 
   
#  6 
 
   
#  7 
 
   
#  8 
 
   
#  9 
 
   
# 10 
 
   
# 11 
 
   
# 12 
 
   
# 13 
 
   
 
   
# 15 
 
   
# 16 
 
   
# 14 
 
Additional Observations:   
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Sample Answer Guide 
 
Unknown(s) Sol in 
Water  
Iodine 
test 
pH 
(color)
Vinegar NaOH Cu(II) 
 
10%  
HCl 
20% 
HCl 
Hot 
water 
 Unknown 
#  1 
A +  PINK       Boric acid 
#  2 
B - -  BUBBLE      
Calcium 
carbonate 
#  3 
C - -  -   -   
Calcium 
sulfate 
#  4 
D - BLUE        Cornstarch
#  5 
E +  - - - 
RED 
PPT    
Fructose/ 
Glucose 
#  6 
F +  -  
WHT 
PPT     
Magnesium 
sulfate 
#  7 
G +  -  - -  
WHT 
PPT  MSG 
#  8 
H - -  -   +   
Potassium 
bitartrate 
#  9 
I +  BLUE       
Sodium 
bicarbonate
# 10 
J +  GRAY       
Sodium 
borate 
# 11 
K +  GRN  BUBBLE     
Sodium 
carbonate 
# 12 
L +  -  - -  - SLOW
Sodium 
chloride 
# 13 
M +  YEL  -     
Sodium 
hydroxide 
# 14 
N +  -  - -  - FAST Sucrose 
 
Unknown mixtures can be identified using the same tests above.  If generic antacids are 
used with dextrose, the aqueous portion will give a positive test for copper reduction 
powder, while the insoluble solid will give a positive test for calcium carbonate.  
The aqueous portion of baking powder will give a positive test for sodium bicarbonate, 
while the insoluble portion will give a positive test for cornstarch. 
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APPENDIX C: LABORATORY DIRECTIONS: QUALITATIVE ANALYSIS OF 
12 HOUSEHOLD LIQUIDS  
 
 
 
 
Preparation of Reagents 
 
 
 
All chemical reagents used for tests were obtained from local grocery, hardware or 
pharmacy stores.  They were used as purchased.  Tap water or bottled water was used. 
 
pH Indicator 
 
See pH section in Appendix B 
 
Copper Reduction Powder 
 
 
See copper reduction section in Appendix B 
 
 
Sodium Hydroxide Solution 
 
 
 
The solution used in this experiment was made by mixing about 10 grams of solid sodium 
hydroxide with 100 mL of water (producing a concentration of roughly 2.5 M). 
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Sodium Bisulfite 
 
 
A saturated ethanolic solution of sodium bisulfite was prepared using Iron Out® Rust and  
Stain Remover.    About 20 grams of solid powder is dissolved in 50 mL of water.  To 
this, 12 mL of ethanol is added.  The solution is filtered and filtrate is stored in an airtight 
container.  If solid reagent sodium bisulfite is available, a 40% solution is prepared 
followed by the addition of 1ml ethanol per 4 ml of bisulfite solution, then filtered.  This 
must be prepared fresh as it is subject to oxidation and will not last for more then a few 
days. 
Borate Solution 
 
 
 
A 1% borate solution is prepared by dissolving 1 gram of solid Borax® laundry detergent 
in 100 mL water. 
Decoloration of Nail Polish Remover 
 
Ethyl acetate nail polish remover contains varies dyes resulting in a pink or yellow hue.  
This dye can be removed using charcoal, such as those found in fish stores or water 
treatment systems.  The charcoal is rinsed to remove any lose dust, and then the nail 
polish remover is filtered through.  The clear solution is collected and can be used in the 
experiment. 
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Chemicals and equipment requirement 
 
 
 
The tests require no more then a few test tubes, an eyedropper or plastic pipettes, and a 
spatula or measuring spoon (Table C.1).  Test tube racks and plastic wash bottles are 
handy, but not essential.  It is also recommend that students store the test reagents in their 
own vials or test tubes to avoid contamination. All the amounts in the two tables below 
are sufficient for about 20 students working in pairs.  A list of chemicals and their sources 
required for the experiment is provided (Table C.2) along with necessary reagents for all 
tests (Table C.3).   
 
 
 
Table C.1: Equipment required for the qualitative analysis of 12 household liquids lab 
 
 
 
Item Amount Comments 
Disposable pipettes 20-50 Eyedroppers are okay.  Remind students to wash them 
thoroughly if reusing pipettes or droppers. 
Disposable pipette 
Bulbs 
10-20 If using glass pipettes. 
Test tube rack 10 Very handy to have 
Test tube brushes 5-10  
Spoon spatulas 1-2 Small measuring spoon will work for dispensing 
copper reduction powder 
Plastic wash bottles 10 Useful for dispensing water 
20 mL Vials 20-40 For students to store reagents such as alcohol, 
indicator, NaOH (aq), tincture of iodine, water. 
1 dram vial 20 Can be used for unknowns, or use 20 mL vials 
Filter paper 20 Paper towels can be used 
Ruler 10 For calibrating test tubes. 
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The chemicals are all available as household products.  If you dispense the chemicals 
from a beaker or other container, display the original container to remind students that 
these are all common products.  The amounts below are generous enough to allow 10 
pairs of students to perform every test if they wish.   
 
 
 
 
Table C.2: Chemicals required for the qualitative analysis of 12 household liquids lab 
 
 
 
Chemical Amount Comments 
Acetone 50 mL Acetone Solvent 
Alkanes   
(Cn, n<7)  
50 mL Naphtha Solvent, Mineral Spirits (Stoddard Solvent will 
also work, molecular mass higher) 
Alkanes  
 (Cn, n>12)  
50 mL Lampfarms® Ultra Pure Lamp Oil 
Dipropylene glycol 
methyl ether 
50 mL Kerosene Enhancer 
Ethanol 50 mL 70% ethyl rubbing alcohol or grain alcohol 
Ethyl acetate 50 mL Acetone free nail polish remover 
Dextrose (aq) 50 mL Light Karo® syrup 
Glycerol 50 mL Twinlabs® Glycerin Fuel  
Isopropyl alcohol 
(70%) 
50 mL Isopropyl rubbing alcohol.  Can be used for both extracting 
the anthocyanin indicator and experimental unknown. 
Methanol 50 mL HEET® or Dry Gas® Automotive Additive 
Methyl ethyl  
ketone 
50 mL MEK Solvent 
Pinene 50 mL Turpentine or Gum spirits of turpentine 
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Table C.3: Reagents for the qualitative analysis of 12 household liquids lab 
 
 
 
Chemical Amount Comments 
Copper sulfate 
pentahydrate 
10g Root killer; brands such as ROEBIC, ROOTO, and ROOT 
KILL or any root killer product that contains 99% 
crystalline copper sulfate pentahydrate 
Sodium bisulfite 25g Iron Out® Rust and Stain Remover 
Sodium borate 5 g Borax® laundry detergent 
Sodium carbonate 10g Washing soda.  Generic brands may not contain enough 
sodium carbonate.  Arm and Hammer® brand is best. 
Sodium chloride 20g Plain (uniodized) table salt 
20 g Drain opener (lye) – powder 
Iodine 5 – 10 
bottles 
Tincture of iodine 
Sodium hydroxide 
 
 
Variation 
 
 
Although this experiment could be geared for many different levels of instruction, it is 
recommended for college classrooms.  For advanced students, requiring them to design 
an identification scheme such as the one described here is a worthwhile project.  Students 
should have a background in college level general chemistry with introductory organic in 
order to obtain a full understanding of the tests performed 
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Experimental Protocol: Student Laboratory Guide 
 
 
 
 
Tests involved in the analysis scheme are described below. Before attempting to identify 
an unknown, it may be necessary to observe each of the tests on at a known, which gives 
a positive result.  It is not necessary to try the tests on every known, however, some are 
more difficult to detect such as the formation of bubbles from polystyrene and the salting-
out effect of sodium chloride on aqueous isopropyl alcohol as well as the comparison of 
solubility of methyl ethyl ketone and ethyl acetate.  Be sure the test tubes are clean.  
Results are entered on Data Sheet as indicated.  Use new samples after each test.  After 
testing sample, you should dispose of liquids according to instructions.   
 
Test Tube Calibration 
 
All measurements are done volumetrically so that a balance is 
unnecessary.  The calibration of a test tube is easily done by m
distance from the bottom of a test tube.  The numbers in the figure 
shown are for a tube that is 15.0 cm in length and 18 mm in diamete
If your test tubes are different, you can develop your own calibration 
procedure by using a graduated cylinder and measuring the distance of 
several one mL additions of a liquid.   
5mL
10 mL
1mL
30 mm
55 mm
10 mm
20 mm 3mL
easuring 
r.  
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Solubility 
 
To test the solubility of a liquid in water place 1 ml water in a test tube.  Add 7 drops of 
the sample.  Glycerol and dextrose (aq) (Karo Syrup) are too viscous for plastic pipette, 
therefore pour just enough to cover bottom of test tube (about 0.25 ml).  Insoluble 
samples produce a cloudy mixture or two layers. 
 
 
Reaction with Polystyrene 
 
Styrofoam cups and some packaging “peanuts” are composed of polystyrene.  Certain 
solvents relax the polymer chain releasing the trapped air between the molecules, while 
other solvents simply dissolve the polystyrene.  Place a small piece (about the size of a 
pea) of polystyrene in a test tube and add 1 ml liquid sample.  Try this with methyl ethyl 
ketone or dipropylene glycol methyl ether.   
 
 
Formation of NaHSO3 Addition Complex 
 
 
 
Bisulfite addition complexes form with aldehydes and methyl ketones.  Add 10 drops of 
liquid sample to 1 ml of bisulfite reagent and shake vigorously.  The white sodium 
bisulfite complex will form within a minute. 
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Limited Solubility in Water 
 
 
Most of the soluble liquids in this experiment are considered “infinitely” soluble in water.  
Two exceptions are methyl ethyl ketone and ethyl acetate, which have a room 
temperature solubility of 27g/100g H2O and 10g/100g H2O, respectively.  To 1 ml water, 
add liquid drop-wise until a second layer forms. No more than 40 drops are needed.  
Write the total number of drops on the data sheet.  
Cu+2- Oxidation of Fructose or Glucose (Dextrose)  
 
 
Place 3 ml of water in a test tube with 0.5 ml sample.  Add a spatula tip of the copper 
reduction powder  (roughly 1/2 tablet or 1/8 teaspoon) and shake the solution.  It may 
take a minute to form the orange-red precipitate.  If needed, try adding some more 
powder.  A negative test is a blue solution. 
CAUTION:  Be careful when handling the copper reduction powder, which contains 
caustic sodium hydroxide. 
 
Anthocyanin/Borate 
 
For color comparison, use two test tubes.  To one test tube, add 1 ml of water; to another 
add 1 ml of the 1% borax solution.  Place 5 drops of the anthocyanin indicator into both 
test tubes.  Add 0.5 ml of liquid sample to the brown / gray borax mixture, while the 
  
    175
violet water-anthocyanin solution is used for comparison.  The formation of a boroester 
will change the color of the solution from brown / gray to violet. 
 
NaCl - Separation of water in rubbing alcohol 
 
Add a spatula tip of salt in 2 to 3 ml of liquid sample.  Shake until a layer of salt water 
appears at the bottom of the test tube.  This may take up to two minutes. 
 
 
I2 / NaOH - Iodoform 
 
 
Obtain 0.5 mL of liquid sample; add 4 to 5 mL water, then 1 mL 10% NaOH solution.  
Add tincture of iodine drop-wise until formation of yellowish precipitate, shaking 
solution every 10 drops.  The Iodoform should precipitate using less then 60 drops.  Try 
this on methanol and ethanol. 
CAUTION:  The solid Iodoform should be isolated and placed in halogenated waste. 
 
I2 - Insoluble Solvents 
 
 
Add 5 drops of tincture of iodine to 1 ml of sample.  Shake the solution, let sit for a 
minute to allow the brown/orange aqueous tincture to settle on the bottom of the test tube. 
Observe color change in sample. 
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Evaporation Rate - Comparison of Two Alkanes 
 
Place one drop of sample on the flat portion of a coffee filter or paper towel.  Allow the 
sample to be absorbed.  Lower molecular mass alkanes will evaporate in less then 8 
minutes, while the heavier alkanes will remain for over 20 minutes. 
CAUTION:  Avoid breathing vapors. 
 
 
Identifying Unknowns 
 
 
Follow the flow chart in testing unknowns.  If the compound is not soluble in water 
continue with the iodine test.  If the compound is soluble, try the polystyrene test.  
Continue as needed down the flow chart until you confirm the identity of the unknown.  
Enter the results on Data Sheet 2 for Unknowns.  Space is provided for any additional 
comments. 
NOTE:  Any insoluble samples should not be disposed of in sink.  Follow instructions  
 
given for proper disposal of all samples. 
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Data and Results Sheet  (12 Household Liquids) 
Name & Lab Section ______________________________ Date ___________ 
 
Data Sheet for Known Liquids:  Note that you need not perform tests on every known, 
so all the boxes may not be filled in the table below.  (Use any symbol that you like, such 
as + for positive or – for negative, color and ppt for precipitate, etc.) 
 
Known 
Compounds 
Molecular 
Formula 
Sol  in 
Water
I2 
Test NaHSO3
Lim
Sol. Cu
+2 Anc/ 
Borate NaCl CHI3
Acetone C   3H6O        
Alkanes  
(Cn, n<7)  
CnH2n+2          
Alkanes 
 (Cn, n>12)  
CnH2n+2          
Dipropylene glycol 
methyl ether 
C7H16O3          
Ethanol C2H6O          
Ethyl acetate C4H8O2          
Dextrose (aq) C6H12O6          
Glycerol C3H8O3          
Isopropanol C3H8O          
Methanol CH4O          
Methyl ethyl  
ketone 
C4H8O          
C10H16          
Reaction w/ 
polystyrene
Pinene  
  
 
 
Evaporation Rate 
 
 Sample Evaporation Rate (min) 
Alkane 
(Cn, n<7) 
 
Alkane 
(Cn, n>12)  
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Data and Results Sheet  (12 Household Liquids) 
 
Name & Lab Section ______________________________ Date _________________ 
 
 
Data Sheet for Unknowns.  Use any symbol that you like, such as + for positive or – for 
negative, color and ppt for precipitate, etc 
 
Unknown(s) 
Label 
Sol.  
in 
Water 
I2 
Test 
Reaction w/ 
polystyrene NaHSO3
Lim
Sol. Cu
+2 Anc/ 
Borate NaCl CHI3 Compound
#  1 
 
   
 
   
#  3 
 
   
#  4 
 
   
#  5 
 
   
#  6 
 
   
#  7 
 
   
#  8 
 
   
#  9 
 
   
#  10 
 
   
#  2 
 
Evaporation Rate 
  Unknown Evaporation Rate (min) 
# 1  
# 2  
 
 
 
Additional Observations/Comments: 
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Sample Answer Guide 
Unknown Sol in Water Test 
Reaction w/ 
polystyrene
Lim
Sol.
Anc/ 
Borate NaCl Compound 
A +  + wht solid -     Acetone 
B - pink        Alkanes (Cn, n<7) 
C - pink        Alkanes (Cn, n>12) 
D +  + - -     
Dipropylene 
glycol methyl 
ether 
E +  -   - - Yellow solid - Ethanol 
F +  + - ~35 drops     Ethyl acetate 
G +  -   +    Dextrose (aq) 
H +  -    - +  Glycerol 
   - - +  Isopropanol 
J +  -   - - - - Methanol 
K +  + + ~25 drops     
Methyl ethyl 
ketone 
L - orange        Pinene 
I2 NaHSO3 Cu+2 CHI3 
I + - 
 
 
 
Evaporation Rate: 
 
 
 
Unknown 
 
Evaporation Rate 
(min) 
<8 minutes 
# 2    C > 10 minutes 
# 1    B  
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APPENDIX D:  GC-MS/FTIR DATA FOR GOOGONE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure D.1: Mass spectral identification of Undecane in a 1996 sample of Googone® (MW: 155) 
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Figure D-2: Mass spectral identification of Dodecane in a 1996 sample of Googone® (MW: 170) 
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Table D.1: Limonene with nonane internal standard peak area/ratio calibration data 
Trial 1 
 
 
 
 PEAK AREA 
Trial 2 Trial 3 Concentration 
(%) 
Nonane Limonene Nonane Limonene Nonane Limonene 
0.794 21834 6440 25094 7387 24029 
1.59 29650 16701 29762 16264 26202 14930 
2.38 26985 21596 24916 20492 31824 25122 
3.18 26261 27931 22631 24444 26859 28980 
3.97 26914 36135 25183 33824 27579 37524 
Googone 29032 11434 23971 9340 26539 10655 
6557 
 
 
 
 PEAK RATIO 
Concentration 
(%) Trial 1 Trial 2 Trial 3 
0.794 0.2950 0.2944 0.2729 
1.59 0.5633 0.5465 0.5698 
2.38 0.8003 0.8224 0.7894 
3.18 1.0636 1.0801 1.0790 
3.97 1.3426 1.3431 1.3606 
Googone 0.3938 0.3896 0.4015 
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ATR-FTIR DATA 
 
 
 
Table D.2: ATR-FTIR peak area data for limonene calibration / unknown.  Peak 
areas measured from 906 to 869 cm-1 
 
 
Peak Area (888 cm-1) % Limonene Trial 1 Trial 2 Trial 3 
0.794 0.23 0.23 0.25 
1.59 0.48 0.43 0.45 
2.38 0.62 0.68 0.65 
3.18 0.93 0.88 0.84 
3.97 1.1 1.12 1.1 
Googone 0.32 0.31 0.32 
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APPENDIX E: LABORATORY DIRECTIONS: ANALYSIS OF LIMONENE IN 
CONSUMER SPOT AND STAIN REMOVERS 
 
 
 
 
Purpose 
 
An FTIR is used to determine the concentration of limonene, the orange odor additive, in 
a household spot and stain remover.  
 
Introduction 
Terpenes are a class of compounds found in many natural products with a C10H16 
backbone.  R-Limonene, found naturally in oranges, is used as an additive in many 
household cleaners.    
 
 
H
 
 
R-Limonene 
 
 
 
 
The carbon-carbon double bonds in limonene provide an absorption band around         
888 cm-1.  Using an FTIR equipped with an attenuated total reflection (ATR) cell, 
limonene is quantitatively determined.  
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Sets of standards are prepared using limonene and heptane.  The peak area of the alkene 
band (C=C) is measured in each standard.  Peak area versus concentration is plotted, and 
a regression analysis is performed to identify the best line fit and correlation coefficient.  
Finally, a sample of Googone spot and stain remover is measured; the unknown 
concentration of limonene is calculated.   
 
Materials Required: 
The technique will provide the total concentration of terpenes, or other sources of carbon-
carbon double bonds.  To verify results of this experiment, gas chromatography could be 
used to analyze the limonene peak.  Googone Spot and Stain remover was analyzed in 
this experiment.  The GC analysis confirmed that only limonene contributed to the 
carbon-carbon double absorption band at 888 cm-1.   
 
 
 
FT-IR spectrophotometer 
Graphing calculator or spread sheet program 
Quantitative IR or multi-bounce ATR cell 
1-25 mL volumetric flask 
5-10 mL volumetric flask 
Heptane  
Spot and Stain Remover (containing ‘orange oil’)  
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Experimental 
 
 
A 40 percent by volume stock solution of limonene is prepared from the reagent bottle 
(10 mL limonene in 25 mL heptane).  Using the stock solution, a set of calibration 
samples is prepared ranging from 4 to 20 percent by volume.  All standards should be 
mixed thoroughly.  The volumes of each component for the standards are given in the 
following table.  
 
 
% Limonene (vol/vol)
Limonene 
Stock Solution 
(mL) 
Heptane (mL) 
4 1 9 
8 2 8 
7 
16 4 6 
20 5 5 
12 3 
Note: Volumes are prepared from 40% limonene stock 
solution (not directly using pure solvent). 
 
 
 
 
Record the actual volumes used (if other measuring device is implemented).  Determine 
the final concentration of each standard.  These will be used for the x-axis of the 
calibration curve.   
 
Run a background spectrum without any sample in the FT-IR spectrometer.  Collect a 
spectrum for each standard prepared.  Flush the crystal or cell with each new standard 
about three times to clean the cell before collecting a new spectrum (consult instruction 
manual if acetone or other solvent is appropriate to for ATR crystal).  Sufficient time 
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should be allowed for solvents to evaporate.  Save each spectrum and title them with the 
concentration of limonene.  A typical spectrum will look approximately like the one 
below.    
 
 
 
 
12% Limonene Standard 
 
 
 
 
 
Measure the peak area of the alkene bond (C=C) in limonene, as highlighted in the figure 
above.  The circled area in the main spectrum is expanded in the inset.  These values will 
be the y-axis in the calibration curve.  The starting and ending baseline points for the 
peak area should be approximately 907 cm-1 to 869 cm-1.  Choose the same region for 
each standard to obtain the best results.  Record the peak area for each standard.   
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Using the peak areas as the y-axis, and the concentration of limonene as the x-axis, 
calculate the best line fit using the spreadsheet program or graphing calculator.  The data 
should resemble the graph below. 
 
 
 
 
 Limonene Calibration Curve
y = 0.2138x + 0.09
R2 = 0.9998
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% LIMONENE 
 
 
 
PEAK AREA 
8 1.80 
12 2.67 
16 3.47 
CorrCoef 
20 4.33 
0.9998 
Slope 0.2138 
Intercept 0.09 
The calibration equation can be written as: 
Area (ABS) = (slope)(%Limonene) + Intercept 
4 0.92 
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A good calibration curve should have a correlation coefficient of 0.95 or better.  It may 
be necessary for a sample to be measured again.   Additional standards could be used, or 
the same standards could be averaged if multiple measurements are taken.  NOTE:  The 
data shown above is the result of averaging three measurements for each calibration 
sample.   
 
When the calibration curve is satisfactory, obtain a sample of Googone and measure the 
spectrum.    As outlined above, save the data, integrate and record the peak area of the 
carbon-carbon double bond region (888 cm-1).  Using the equation obtained in the linear 
regression, calculate the percent limonene in Googone and record the result.   
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Analysis of Limonene in Googone: DATA SHEET 
 
 
Calibration Curve Data 
% Limonene 
Standard Peak Area (1) Peak Area (2) Peak Area (3) Average Area 
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
     
SAMPLE (Y)     
 
 
 
Calculation Data (from linear regression plot) 
Correlation  
Coefficient 
 
Slope (m) 
 
Intercept  (b) 
 
 
 
Sample concentration,  x=(Y-b)/m 
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APPENDIX F: LABORATORY DIRECTIONS: DISTILLATION OF ACETONE 
FROM NAIL POLISH REMOVER 
 
Purpose 
 
Distillation is used to separate acetone from a nail polish remover product.  The 
experiment can be also performed on an unknown solution of acetone and water where 
students have an opportunity to perform simple calculations of percent yield. 
 
Introduction 
 
Nail polish remover is distilled to remove acetone using a hot water bath as the heat 
source.  
 
 
 
        
C
O
H3C CH3
The formula for acetone is:  
 
 
 
 
 
 
 
The nail polish remover product also contains water, yellow dye, gelatin, fragrance, 
propylene carbonate, glycerol and the dimethyl esters of adipic, succinic and glutaric 
acids.  Low boiling acetone (56 - 57˚C) is readily removed by distillation.   The apparatus 
shown below includes an ice-cooled condenser rather than a water-cooled condenser. 
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Equipment/materials (per setup): 
 
1 Distillation set up as shown in the figure 
2 Ring stands and 2 clamps to support the distillation apparatus (with care, one ringstand 
and support clamp can be used if placed on condenser and balanced) 
2 Beakers 250 mL  (for water bath and for melted ice) 
1 Hot plate, 1 Graduated cylinder (10mL) 
1 Funnel 
 1 Extender (if condenser is to close to beaker) 
5 Plastic (yellow) clamps    
ice 
 
 
 
Experimental setup using an ice cooled condenser  
Ice-cooled
condenser
 
 
  
    193
Experimental 
 
Refer to diagram to set up the apparatus.  
 
Part A: Acetone in nail polish remover product 
 
 
1.  Assemble the distillation apparatus as shown in the figure.  Include the following, not 
shown in the diagram: 
a) Use ring stands and clamps to support the apparatus.  
b) Place a glass extender (adapter with one end male and one end a female joint) between 
condenser and distillation head.  This is needed to prevent the condenser from hitting the 
water-bath beaker.  
c) Use the plastic clamps (small yellow rings) to secure the joint connections.  You 
should have 5 of these. 
 
: The thermometer is in a holder with a rubber tube.  It should be already 
assembled.  If not, be sure to insert the thermometer into the holder slowly and carefully 
to avoid breakage.     
 
2.  Pour 5 mL nail polish remover into the larger round bottom flask. To do this, remove 
the thermometer assembly and use a funnel.  Fill the jacket around the condenser with ice 
(doesn't need filled to the top)    
Note: One filling with ice is enough to perform this experiment many times. 
 
3.  Place water in the 250 mL beaker for the heating bath..  The beaker should be about 
2/3 full when the round bottom flask is immersed.  
 
4.   Heat the hot water bath using the highest setting on the hot plate until water is near 
boiling, and then turn it down a little. The water need not be at a full boil  
 
 Record results on your data sheet. 
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Part B: Acetone in an unknown solution, a mixture of acetone and water 
Your instructor may have prepared an unknown acetone in water solution.  You will use 
the same setup as described in part A, and identify the quantity of acetone contained in 
your sample.  You will be calculating the theoretical yield as described by the equation: 
 
%100×=
lTheoretica
ActualldPercentYie  
 
where the amount of distillate collected is the actual, and the amount your instructor 
informs you they placed in the sample is the theoretical.   
Follow all directions as in part A; however use 10 mL of unknown solution.  
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Data and Results Sheet  (Distillation of Acetone from Nail Polish Remover) 
 
Name______________________________ Date ___________ 
 
 
Brand Name of Nail Polish Remover Product   _________________ 
 
Volume Nail Polish Remover distilled   _________ mL 
 
Volume acetone recovered   _________ mL   
 
% Acetone (by volume)_____________  %  
 
Temperature range (during condensing of acetone)   ______ ˚C  
 
 
Describe appearance of:   
Distilled liquid in receiving flask   _____________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
Liquid remaining in the distilling flask_____________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
 
Part B:  Acetone in unknown sample 
 
 
Volume of sample:   ___________ mL 
 
Volume of distillate collected: ___________ mL 
 
Percent acetone in sample:                 ___________ mL 
 
 
Percent Yield Calculations: 
 
Actual volume of acetone in sample (provided by instructor):   ________ mL 
    
Percent Yield (Actual/Theoretical *100%):        ________ % 
 
Discuss why the percent yield obtained does not necessarily equal 100%?  Explain your 
results in regards to high or low results and why this may occur. 
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